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ABSTRACT
A tw e lve -w eek  s tu d y  was conduc ted  t o  d e t e r m i n e  t h e  e f f e c t s  of  
w e i g h t  t r a i n i n g  and j o g g i n g  on serum l i p i d s  and hormones,  c a r d i o ­
v a s c u l a r  f u n c t i o n ,  body c o m p o s i t i o n ,  and s t r e n g t h .  T h i r t y - t h r e e  sub ­
j e c t s  (mean age 45=6 y e a r s )  compr ised  a w e ig h t  t r a i n i n g  group (N=9),  
run n in g  group ( N = l l ) ,  and a c o n t r o l  group (N=13).
All  s u b j e c t s  e x e r c i s e d  3 days p e r  week f o r  12 weeks .  S t a t i s t i c a l  
c o m pa r i sons  were com ple ted  by u s in g  a 3 x 3 ANOVA w i th  r e p e a t e d  m easu res  
on t i m e .  S i n g l e  Degree o f  Freedom Comparisons  were used t o  examine t h e  
s p e c i f i c  h y p o th e s e s  abou t  t h e  d i f f e r e n t i a l  e f f e c t s  a c r o s s  t im e  among 
g r o u p s .  The r e s u l t s  showed t h a t  s i g n i f i c a n t  d e c r e a s e s  (p < 0 .0 5 )  in  t o t a l  
c h o l e s t e r o l / H D L - C ,  p e r  c e n t  body f a t ,  and f a t  w e i g h t .  S i g n i f i c a n t  i n ­
c r e a s e s  ( p < 0 .05)  in  h igh  d e n s i t y  l i p o p r o t e i n - c h o l e s t e r o l  (HDL-C), l e a n  
body w e igh t  and c y c l e  t im e  t o  t a r g e t  h e a r t  r a t e  o c c u r r e d  in  bo th  groups  
a f t e r  t r a i n i n g .  While  bo th  e x p e r im e n ta l  g roups  r e a l i z e d  i n c r e a s e s  in  
c a r d i o v a s c u l a r  e n d u r a n c e ,  t h e  g r e a t e s t  change  o c c u r r e d  in  t h e  runn ing  
g r o u p .  S i g n i f i c a n t  d i f f e r e n c e s  were a l s o  found f o r  e s t r a d i o l ,  f o l l i c l e  
s t i m u l a t i n g  hormone, bench p r e s s  s t r e n g t h ,  and s q u a t  s t r e n g t h  f o r  t h e  
w e i g h t  t r a i n i n g  g ro u p .  There  were no s i g n i f i c a n t  changes  in  t e s t o s t e r ­
o n e ,  l u t e o t r o p i c  hormone, d i h y d r o t e s t o s t e r o n e ,  o r  body w e ig h t  f o r  e i t h e r  
e x p e r i m e n t a l  g roup .  These d a t a  s u p p o r t  p r e v i o u s  f i n d i n g s  t h a t  w e igh t  
t r a i n i n g  as wel l  as  j o g g i n g  may f a v o r a b l y  a l t e r  b lood  l i p i d s ,  c a r d i o ­
v a s c u l a r  f u n c t i o n ,  and body c o m p o s i t i o n  in  a r e l a t i v e l y  s h o r t  p e r i o d  




In r e c e n t  y e a r s ,  a l a r g e  segment  o f  t h e  p o p u l a t i o n  h a s  been o b ­
s e rv e d  t o  engage in  a v a r i e t y  of  e x e r c i s e  p ro g ra m s ,  i n c l u d i n g  j o g g i n g  
and w e i g h t  t r a i n i n g .  While  some i n d i v i d u a l s  p a r t i c i p a t e  t o  i n c r e a s e  
f i t n e s s  l e v e l s  or  f o r  c o m p e t i t i v e  r e a s o n s ,  o t h e r s  may use e x e r c i s e  as  a 
p r e v e n t i v e  o r  t h e r a p e u t i c  m o d a l i t y  a g a i n s t  c a r d i o v a s c u l a r  d i s e a s e .
R i sk  f a c t o r  m o d i f i c a t i o n  i s  a p r o c e d u r e  commonly used t o  combat 
c o r o n a r y  a r t e r y  d i s e a s e  (CAD). Among t h e  more i m p o r t a n t  r i s k  f a c t o r s  
a r e  high l e v e l s  o f  b l o o d  l i p i d s .  While e l e v a t e d  serum c h o l e s t e r o l  
l e v e l s  may be a s s o c i a t e d  w i t h  CAD ( B r u n n e r ,  Al tman,  L o e b l ,  S c h w a r tz ,  & 
Lev in ,  1977;  C a r l s o n  & B o t t i g e r ,  1972;  K a n n e l , C a s t e l l i ,  & Gordon,
1 9 7 9 ) ,  more r e c e n t  i n v e s t i g a t i o n s  i n  t h e  f i e l d  o f  l i p i d  m e ta b o l i s m  have 
f o c u s s e d  a t t e n t i o n  on t h e  p a r t i t i o n  o f  t h e  serum t o t a l  c h o l e s t e r o l  i n t o  
t h e  v a r i o u s  l i p o p r o t e i n  f r a c t i o n s  ( F r e d e r i c k s o n ,  Levy,  & Lees ,  1967;  
Gofman, Young, & Tandy,  1966 ) .  Serum l e v e l s  o f  v e r y  low d e n s i t y  l i p o ­
p r o t e i n s  (VLDL) and low d e n s i t y  l i p o p r o t e i n s  (LDL) have been shown t o  be 
p o s i t i v e l y  c o r r e l a t e d  w i t h  CAD, w h i l e  high d e n s i t y  l i p o p r o t e i n s  (HDL) 
a r e  i n v e r s e l y  r e l a t e d  ( B e rg ,  B o r r e n s o n ,  & D ah len ,  1976;  Davignon,  1978; 
Gordon,  C a s t e l l i ,  H j o r t l a n d ,  K a n n e l ,  & Dawber, 19 7 7 ) .
E x t e n s i v e  r e s e a r c h  has  been done  on t h e  e f f e c t  o f  p h y s i c a l  a c t i v i t y  
on CAD. Numerous p o p u l a t i o n  s t u d i e s  c o n d u c te d  on a v a r i e t y  o f  o c c u p a ­
t i o n a l  g ro u p s  such as  bus d r i v e r s  and c o n d u c t o r s  ( M o r r i s ,  Heady, R a f f l e ,
1
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R o b e r t s ,  & P a r k s ,  1 9 5 3 ) ,  s e d e n t a r y  male  w o rk e rs  and manual male  w orke rs  
( B r u n n e r ,  L o e b l ,  & Al tman,  1 9 6 2 ) ,  postmen and p o s t a l  c l e r k s  (Kahn,
1 9 6 3 ) ,  b l u e  c o l l a r  and w h i t e  c o l l a r  w o rk e rs  (Fox & S k i n n e r ,  1 9 6 4 ) ,  and 
longshoremen  ( P a f f e n b a r g e r ,  L a u g h l i n ,  Gima, & B la c k ,  1970)  s t r o n g l y  sug ­
g e s t  t h a t  t h e r e  i s  an i n v e r s e  r e l a t i o n s h i p  between  t h e  amount o f  p h y s i ­
c a l  a c t i v i t y  pe r fo rmed  and t h e  i n c i d e n c e  o f  CAD. S i m i l a r  d e s c r i p t i v e  
s t u d i e s  o f  e n d u ra n c e  a t h l e t e s  and men engaged in  v i g o r o u s l y  a c t i v e  l i f e ­
s t y l e s  have shown bo th  g r o u p s  t o  have r e d u c e d  l e v e l s  o f  LDL and high 
serum l e v e l s  o f  HDL, w h i l e  a e r o b i c  t r a i n i n g  programs have shown s i m i l a r  
r e s u l t s  i n  p r e v i o u s l y  s e d e n t a r y  men ( D r e s s e n d o r f e r  & Gahagen,  1979;  
H a r tu n g ,  F o r e y t ,  M i t c h e l l ,  V l a s e k ,  & G o t t o ,  1980;  Lopez-S ,  V i a l ,  B a l a r t ,  
& A r r o y a v e ,  1974;  Roundy, F i s h e r ,  & A nderson ,  1978;  S q u i r e s ,  H a r tu n g ,  
W elton ,  Young, J e s s u p ,  & Z i n k g r a f ,  1979;  Wood, H a s k e l l ,  K l e i n ,  Lewis ,  
S t e r n ,  & F a r q u h a r ,  1 9 7 6 ) .
The r e l a t i o n s h i p  be tween  c e r t a i n  hormone l e v e l s  and CAD h a s  a l s o  
r e c e i v e d  i n c r e a s e d  a t t e n t i o n  in  r e c e n t  y e a r s .  I t  h a s  been s u g g e s t e d  
t h a t  hormonal d i f f e r e n c e s  may p l a y  a r o l e  in  p r e d i s p o s i n g  males  t o  CAD 
( P h i l l i p s ,  1977 ) .  O t h e r s  have shown t h a t  hormones may be r e l a t e d  t o  
m u s c u l a r  s t r e n g t h  ( Jo h n s o n  & O 'S h ea ,  1966) and a e r o b i c  c a p a c i t y  (Bowers 
& Reardon ,  1972)  which s u g g e s t s  t h a t  e x e r c i s e  may p l a y  a r o l e  i n  a l t e r ­
ing o r  m o d i f y in g  hormonal l e v e l s  as  we l l  as  b lood  l i p i d s .
A l though  p o p u l a t i o n  and d e s c r i p t i v e  s t u d i e s  s u g g e s t  t h a t  g e n e r a l  
p h y s i c a l  a c t i v i t y  i s  b e n e f i c i a l  in  t h a t  a lower i n c i d e n c e  o f  h e a r t  d i s ­
e a s e  o c c u r s  in  a c t i v e  g r o u p s ,  c o n c l u s i v e  e v i d e n c e  c o n c e r n i n g  t h e  p r e v e n ­
t i v e  e f f e c t s  o f  some t y p e s  o f  e x e r c i s e  i s  s t i l l  n o t  a v a i l a b l e .  For 
exam p le ,  i n f o r m a t i o n  i s  needed c o n c e r n in g  t h e  e f f e c t  o f  w e ig h t  t r a i n i n g
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on sex hormones ,  c h o l e s t e r o l ,  and t h e  v a r i o u s  l i p o p r o t e i n  f r a c t i o n s .  I f  
c h a n g e s  s h o u ld  occur  t h a t  would p r o v i d e  p r o t e c t i o n  a g a i n s t  p r e m a tu re  
CAD, t h e n  t r a i n i n g  w i t h  w e i g h t s  may prove  t o  be an a l t e r n a t i v e  o r  s u p ­
p l e m e n t a r y  t y p e  o f  i n t e r v e n t i o n  f o r  t h o s e  who a r e  h i g h l y  
p rone  t o  CAD.
S t a t e m e n t  of  t h e  Problem 
The p u r p o s e  o f  t h i s  s t u d y  was t o  d e t e r m i n e  t h e  e f f e c t s  o f  two 12- 
week t r a i n i n g  programs ( w e i g h t  t r a i n i n g  and j o g g i n g )  on b lood  l i p i d s ,  
hormones,  c a r d i o v a s c u l a r  f u n c t i o n ,  body c o m p o s i t i o n ,  and s t r e n g t h  in  
m i d d l e - a g e d  s e d e n t a r y  m a l e s .
Review of  L i t e r a t u r e  
The r e v i e w  of  l i t e r a t u r e  c o n t a i n s  s t u d i e s  t h a t  have been r ev i e w e d  
as  t o  t h e i r  r e l a t i v e  m e r i t  in  l e n d i n g  s u p p o r t  t o  t h e  p r e s e n t  i n v e s t i g a ­
t i o n .  These  s t u d i e s  a r e  c l a s s i f i e d  as  f o l l o w s :  l i p i d s  and CAD, h o r ­
mones and CAD, c a r d i o v a s c u l a r  f u n c t i o n ,  body c o m p o s i t i o n ,  and s t r e n g t h .
L i p i d s  and Coronary  A r t e r y  D i s e a s e  
C h o l e s t e r o l
Numerous e p i d e m i o l o g i c a l  and c l i n i c a l  s t u d i e s  b e a r  w i t n e s s  t o  t h e  
p o s i t i v e  c o r r e l a t i o n  be tween  serum c h o l e s t e r o l  l e v e l s  and CAD (B runner  
e t  a l . ,  1977; Kannel e t  a l . ,  1979;  Keys,  1970 ) .  Many o f  t h e s e  s t u d i e s  
were s t i m u l a t e d  by t h e  o b s e r v a t i o n  t h a t  p a t i e n t s  w i t h  c l i n i c a l  c a s e s  o f  
CAD had h i g h e r  c h o l e s t e r o l  v a l u e s  t h a n  t h o s e  o f  c o n t r o l  s u b j e c t s .  For 
exam p le ,  C a r l s o n  & B o t t i g e r  (1972)  have shown t h a t  a l i n e a r  r e l a t i o n s h i p  
e x i s t s  be tween  t h e  i n c r e a s i n g  i n c i d e n c e  o f  i s c h e m ic  h e a r t  d i s e a s e  and
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t h e  i n c r e a s i n g  serum c o n c e n t r a t i o n s  o f  c h o l e s t e r o l  i n  men under  60 y e a r s  
o f  age .  C l i n i c a l  s i g n s  o f  CAD a r e  a lm o s t  a lw ays  a s s o c i a t e d  w i t h  i n ­
c r e a s e d  serum l e v e l s  of  c h o l e s t e r o l  ( K a nne l ,  C a s t e l l i ,  Gordon,  & 
McNamara, 1971;  Page ,  B e r r e t o n i ,  Bu tkus ,  & Sones ,  1970;  W ilhe lm sen ,  
Wedel,  & T i b b l i n ,  19 7 3 ) .  However, t h e r e  i s  some e v i d e n c e  t h a t  CAD i s  
n o t  r e l a t e d  t o  t h e  serum c h o l e s t e r o l  l e v e l  ( F u s t e r ,  F r y e ,  Connoly,  
D a n i e l s o n ,  E l v e b a c k ,  & K u r l a n d ,  1975;  P a t e r s o n ,  A rm s t rong ,  & A rm st rong ,  
1963) .
E x e r c i s e  and C h o l e s t e r o l
The e f f e c t  o f  e x e r c i s e  on t h e  p lasma t o t a l  c h o l e s t e r o l  l e v e l  i s  
e q u i v o c a l .  In s p i t e  o f  an i n c r e a s i n g  number o f  i n v e s t i g a t i o n s  on t h i s  
r e l a t i o n s h i p ,  c o n t r o v e r s y  s t i l l  e x i s t s  c o n c e r n i n g  w h e t h e r  p h y s i c a l  e x e r ­
c i s e  r e d u c e s  serum c h o l e s t e r o l  l e v e l s .
Compara t ive  s t u d i e s  be tw een  t r a i n e d  and u n t r a i n e d  g r o u p s  s u g g e s t  
t h a t  r e g u l a r  e x e r c i s e  m ig h t  r e d u c e  plasma c h o l e s t e r o l  l e v e l s ;  however ,  
i n  a l l  such c o m p a r i s o n s ,  t h e r e  i s  t h e  p o s s i b i l i t y  t h a t  s e l e c t i o n  or  
o t h e r  f a c t o r s  m ig h t  be o p e r a n t .  B j o r n t o r p ,  F a h l e n ,  Grimby,  G u s t a f s o n ,  
Holm, and Renstrom (1972) found  m id d l e - a g e d  c r o s s - c o u n t r y  r u n n e r s  and 
s k i e r s  t o  have s i g n i f i c a n t l y  lower v a l u e s  t h a n  d id  i n a c t i v e  c o n t r o l s  
(203  and 257 mg/100 m l,  r e s p e c t i v e l y ) .  Wood e t  a l . (1976)  c o n c u r r e d ,  
b u t  r e p o r t e d  s m a l l e r  d i f f e r e n c e s  be tween  v e ry  a c t i v e  male r u n n e r s  com­
p a re d  t o  men who engaged  in  v e ry  l i t t l e  p h y s i c a l  a c t i v i t y  (200 and 210 
mg/100 m l ,  r e s p e c t i v e l y ) .  S i m i l a r  r e s u l t s  have been r e p o r t e d  u s in g  
f e m a le  r u n n e r s  (Wood, H a s k e l l ,  S t e r n ,  Lewis ,  & P e r r y ,  1977) and e l i t e  
male  r u n n e r s  ( M a r t i n ,  H a s k e l l ,  & Wood, 1977) when compared t o  s e d e n t a r y  
c o u n t e r p a r t s .  F u r t h e r  s u p p o r t  f o r  t h e  b e n e f i c i a l  e f f e c t  o f  e x e r c i s e  on
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plasma c h o l e s t e r o l  was o f f e r e d  by Har tung  e t  a l . (1980)  who r e p o r t e d  
t o t a l  p lasma c h o l e s t e r o l  v a l u e s  o f  211 mg/100 ml f o r  t h e  s e d e n t a r y  g ro u p ,  
204 mg/100 ml f o r  j o g g e r s ,  and 187 mg/100 ml f o r  m ara thon  r u n n e r s ,  t h e  
l a t t e r  b e in g  s i g n i f i c a n t l y  l o w e r .  Enger ,  H e r b j o r n s e n ,  E r i k s s e n ,  and 
F r e t l a n d  (1977)  examined w e l l  t r a i n e d  men p r i o r  t o  p a r t i c i p a t i o n  in  a 
c r o s s - c o u n t r y  sk i  r a c e  and no ted  t h a t  t h e  serum plasma c h o l e s t e r o l  v a l u e s  
were no t  s i g n i f i c a n t l y  d i f f e r e n t  f rom t h o s e  o f  t h e  i n a c t i v e  s e d e n t a r y  
c o n t r o l s .  Recen t  i n v e s t i g a t i o n s  by Leh tonen  and V i i k a r i  (1978)  c o n c e r n ­
ing  F i n n i s h  male  r u n n e r s  and s k i e r s  and F i n n i s h  l u m b e r j a c k s  a l s o  s u p p o r t s  
t h e  h y p o t h e s i s  t h a t  v i g o r o u s  e x e r c i s e  ha s  l i t t l e  or  no e f f e c t  on plasma 
t o t a l  c h o l e s t e r o l .
The v a lu e  of  t r a i n i n g  ha s  a l s o  been s t u d i e d  in  r e l a t i o n  t o  serum 
c h o l e s t e r o l  l e v e l s .  Campbell  (1965)  i n d i c a t e d  t h a t  c r o s s - c o u n t r y  r u n n in g  
and t e n n i s  r e s u l t e d  in  s i g n i f i c a n t  d e c r e a s e s  i n  c h o l e s t e r o l  w h i l e  w r e s t ­
l i n g  and w e i g h t l i f t i n g  d id  n o t .  Mann, G a r r e t t ,  F a r h i ,  M urray ,  and B i l l ­
i n g s  (1969)  t r a i n e d  s e d e n t a r y  men by j o g g i n g  and s p r i n t i n g  f o r  a s i x -  
month p e r i o d  and found s i g n i f i c a n t  d e c r e a s e s  in  p lasma c h o l e s t e r o l  l e v ­
e l s .  In a g r e e m e n t ,  Lopez-S  e t  a l . (1974)  found  a s i g n i f i c a n t  d e c r e a s e  in 
c h o l e s t e r o l  v a l u e s  a f t e r  o n l y  7 weeks o f  e x e r c i s e  t r a i n i n g  w i t h  a combi­
n a t i o n  o f  c y c l i n g ,  j o g g i n g ,  and c a l i s t h e n i c  e x e r c i s e s  pe r fo rm ed  4 t im e s  
p e r  week. I t  was n o t ed  t h a t  no c hanges  in body w e ig h t  o c c u r r e d ,  s u g g e s t ­
ing t h a t  a c a l o r i c  i m b a la n c e  was no t  r e s p o n s i b l e  f o r  t h e  o b s e rv e d  c h o l e s ­
t e r o l  c h a n g e s .  The h y p o c h o l e s t e r o l e m i c  e f f e c t  o f  e x e r c i s e  h a s  been a t ­
t r i b u t e d  t o  a c a l o r i c  im ba lance  by o t h e r s  (Mann e t  a l . ,  1969;  Keys, 1970 ) .
T he re  e x i s t s  a s t r o n g  body o f  e v i d e n c e  t h a t  s u g g e s t s  t h a t  p h y s i c a l  
t r a i n i n g  may n o t  s i g n i f i c a n t l y  r e d u c e  t h e  l e v e l  of  c i r c u l a t i n g
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c h o l e s t e r o l .  H o l l o s z y ,  S k i n n e r ,  Toro ,  and C u re to n  (1964)  d e m o n s t r a t e d  
t h a t  r u n n i n g  two t o  f o u r  m i l e s ,  3 . 5  t i m e s  pe r  week f o r  6 m onths ,  d i d  no t  
r e d u c e  t h e  serum c h o l e s t e r o l ,  l e a d i n g  t h e  a u t h o r s  t o  c o n c lu d e  t h a t  t h e  
amount o f  e x e r c i s e  f e a s i b l e  f o r  t h e  a v e ra g e  pe r son  i s  no t  e f f e c t i v e  in 
low e r in g  serum c h o l e s t e r o l .  S u p p o r t i v e  e v i d e n c e  f o r  t h i s  v i e w p o i n t  was 
d e m o n s t r a t e d  by Byrd,  Sm ith ,  and S h a c k l e f o r d  (1974)  who o b s e rv e d  t h a t  
p lasma c h o l e s t e r o l  was no t  s i g n i f i c a n t l y  changed a f t e r  a 12-week j o g g i n g  
p rogram ,  5 d a y s  pe r  week,  f o r  30 t o  45 m i n u t e s  p e r  day .  The i n t e n s i t y  o f  
t h e  e x e r c i s e  p e r i o d  r a n g e d  from 75 t o  80% maximal h e a r t  r a t e .  Accord­
i n g l y ,  t h e  a u t h o r s  s u g g e s t e d  t h a t  c o n d i t i o n i n g  programs o f  m o d era te  
i n t e n s i t y  and d u r a t i o n  do l i t t l e  t o  a l t e r  p lasma c h o l e s t e r o l  c o n c e n t r a ­
t i o n  in  m i d d l e - a g e d  men. S i m i l a r  f i n d i n g s  have been r e p o r t e d  by o t h e r  
i n v e s t i g a t o r s  ( C a r l s o n  & M o s s f e l d t ,  1964;  H u r t e r ,  Swale,  Peymen', & 
B a r n e t t ,  1972;  M i l e s i s ,  19 7 4 ) .
I t  i s  d i f f i c u l t  t o  d e r i v e  d e f i n i t e  c o n c l u s i o n s  r e g a r d i n g  t h e  e f ­
f e c t s  o f  e x e r c i s e  on p lasma t o t a l  c h o l e s t e r o l .  These s t u d i e s  c i t e d  sug ­
g e s t  t h a t  some p h y s i c a l  t r a i n i n g  programs m i g h t ,  b u t  do no t  n e c e s s a r i l y ,  
lower  b l o o d  c h o l e s t e r o l  c o n c e n t r a t i o n s .
L i p o p r o t e i n s
L i p o p r o t e i n s  p l a y  an i m p o r t a n t  r o l e  in  c h o l e s t e r o l  t r a n s p o r t .  
C h o l e s t e r o l  and t r i g l y c e r i d e  a r e  i m p o r t a n t  com ponen ts ,  a lo ng  w i t h  c e r ­
t a i n  p r o t e i n s  and p h o s p h o l i p i d s ,  o f  l a r g e  m ac rom ole cu la r  complexes  
c a l l e d  l i p o p r o t e i n s .  These l i p o p r o t e i n s  a r e  c l a s s i f i e d  a c c o r d i n g  t o  
t h e i r  d e n s i t y  and u l t r a c e n t r i f u g a t i o n  i n t o  c h y l o m i c r o n s ,  VLDL, LDL, and 
HDL.
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R e c o g n i t i o n  o f  t h e  impact  o f  HDL on CAD i s  n o t  new. In 1951, B a r r ,  
Russ ,  and Eder  r e p o r t e d  on p r o t e i n - 1 i p i d  r e l a t i o n s h i p s  t o  a t h e r o s c l e r o s i s  
and CAD and c o n c lu d e d  t h a t  t h e  o u t s t a n d i n g  o b s e r v a t i o n  was t h e  low l e v e l  
o f  H D L - c h o le s te r o l  i n  a t h e r o s c l e r o t i c  p a t i e n t s .  More r e c e n t l y ,  M o r r i s ,  
P a t t i s o n ,  Kagan,  and Gardner  (1966)  r e p o r t e d  in  a 5 - y e a r  s t u d y  of  asymp­
t o m a t i c  London busmen t h a t  L D L - c h o l e s t e r o l  p r e d i c t e d  as  many new c o r o n a r y  
i n c i d e n t s  as  d i d  t o t a l  p lasma c h o l e s t e r o l .  F u r t h e r  s u p p o r t i v e  e v i d e n c e  
c o n c e r n i n g  LDL-C a s  a p r e d i c t o r  was p ro v id e d  by H e i n l e ,  Levy,  F r e d e r i c k -  
so n ,  and G o r l i n  (1969)  who r e v i e w e d  t h e  l i p i d  p r o f i l e s  o f  126 p a t i e n t s  
t h a t  were d i a g n o s e d  by a n g io g r a p h y  as  hav in g  m o d e r a t e  t o  s e v e r e  CAD. I t  
was found t h a t  29% o f  t h e  p a t i e n t s  had an e l e v a t e d  L D L - c h o l e s t e r o l  f r a c ­
t i o n ,  and 25% had an e l e v a t e d  VLDL f r a c t i o n .  Of 66 p a t i e n t s  w i t h  normal 
c o r o n a r y  a r t e r i e s ,  o n l y  3 and 8% had e l e v a t e d  LDL and VLDL f r a c t i o n s ,  
r e s p e c t i v e l y .  F o l lo w in g  a c r o s s  s e c t i o n a l  s t u d y  o f  Hawaiian  J a p a n e s e  
men, Rhoads,  G u l b r a n d s e n ,  and Kagan (1976)  r e p o r t e d  t h a t  t h e  p r e v a l e n c e  
o f  CAD i n c r e a s e d  w i t h  i n c r e a s e d  L D L - c h o l e s t e r o l  l e v e l s .  The i n v e s t i g a ­
t o r s  a l s o  n o t ed  t h a t  t h e  l e v e l s  o f  H D L - c h o le s te r o l  were lower a t  high 
p r e v a l e n c e  r a t e s .  S i m i l a r  r e s u l t s  have been r e p o r t e d  by Gordon e t  a l . 
( 1 9 7 7 ) ,  who s u g g e s t e d  t h a t  H D L - c h o le s te r o l  may be a g u id e  t o  t h e r a p y  as  
w e l l  as  a g u id e  t o  r i s k .
H D L - c h o le s te r o l
L i p id  and l i p o p r o t e i n  s t u d i e s  in  t h e  p a s t  have g e n e r a l l y  emphas ized 
t h e  p o s i t i v e  r e l a t i o n s h i p  o f  t o t a l  c h o l e s t e r o l ,  LDL, VLDL, and t r i g l y ­
c e r i d e  t o  t h e  r i s k  o f  c or onar y  h e a r t  d i s e a s e  ( C a r l s o n  & B o t t i g e r ,  1972;  
Kannel e t  a l . ,  1 9 7 1 ) .  The h i g h e r  t h e  c o n c e n t r a t i o n  o f  any one o f  t h e s e
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b lood  l i p i d s ,  t h e  g r e a t e r  t h e  r i s k  of  c o r o n a r y  h e a r t  d i s e a s e .  On t h e  
o t h e r  h a n d ,  t h e  HDL a p p e a r  t o  have an i n v e r s e  r e l a t i o n  t o  t h e  r i s k  of  
c o r o n a r y  h e a r t  d i s e a s e ;  t h e  lower t h e i r  c o n c e n t r a t i o n ,  t h e  g r e a t e r  t h e  
r i s k  o f  c o r o n a r y  h e a r t  d i s e a s e .
S e v e ra l  c r o s s  s e c t i o n a l  s t u d i e s  have i n d i c a t e d  t h a t  p o p u l a t i o n s  r e ­
f l e c t i n g  a v i g o r o u s l y  a c t i v e  l i f e s t y l e  show h i g h e r  mean HDL c h o l e s t e r o l  
l e v e l s  t h a n  t h e  g e n e r a l  male  p o p u l a t i o n  (Bang,  D y e r b e rg ,  & N i e l s o n ,
1971;  C a r l s o n  & M o s s f e l d t ,  1964 ) .  The fo rm er  i n v e s t i g a t o r s  s t u d i e d  male 
Swedish s k i e r s  w h i l e  t h e  l a t t e r  o b s e r v e d  male Eskimos in n o r t h w e s t  
G r e e n la n d .  The Eskimos no t  on ly  had e l e v a t e d  HDL l e v e l s ,  b u t  were a l s o  
found  t o  have v e ry  low CAD m o r t a l i t y  r a t e s .
S t u d i e s  i n v o l v i n g  r u n n e r s  and s e d e n t a r y  c o n t r o l s  showed s i m i l a r  
r e s u l t s .  S i g n i f i c a n t  r e d u c t i o n s  o f  serum LDL c h o l e s t e r o l  and s i g n i f i ­
c a n t  e l e v a t i o n s  o f  HDL c h o l e s t e r o l  o c c u r r e d  in  r e s p o n s e  t o  a j o g g in g  
program ( A l t e k r u s e  & Wilmore,  1973 ;  Lopez-S e t  a l . ,  1974 ) .  These i n v e s ­
t i g a t i o n s  d e m o n s t r a t e d  a r e d i s t r i b u t i o n  o f  plasma l i p o p r o t e i n s  in  an 
a p p a r e n t l y  " f a v o r a b l e "  d i r e c t i o n  in  a s e d e n t a r y  g roup  f o l l o w i n g  a t r a i n ­
ing p rogram. However,  i t  i s  i m p o r t a n t  t o  n o t e  t h a t  in  t h e  fo rm er  s t u d y ,  
t h e  i n v e s t i g a t o r s  e nc ou ra ge d  a w e i g h t  change by c o n t r o l l i n g  d i e t s .  
Lopez-S e t  a l . (1974)  s u g g e s t e d  t h a t  t h e  r e a s o n  many o t h e r  s t u d i e s  have 
shown i n c o n c l u s i v e  cha n g es  in  c h o l e s t e r o l  i s  t h a t  an i n c r e a s e  in  t h e  
amount o f  HDL c h o l e s t e r o l  o v e r r i d e s  t h e  d e c r e a s e  in  LDL c h o l e s t e r o l  and 
VLDL c h o l e s t e r o l .  A c c o r d i n g l y ,  t h e  t o t a l •c h o l e s t e r o l  r e m a i n s  unchanged 
o r  m i n u t e l y  a f f e c t e d .  I f  t h i s  i s  t h e  c a s e ,  e x e r c i s e  may p o s s e s s  a p r e ­
v e n t i v e  b e n e f i t  n o t  c o n s i s t e n t l y  r e p o r t e d  in  e a r l i e r  s t u d i e s .
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Wood e t  a l . (1976) r e p o r t e d  HDL l e v e l s  o f  41 r u n n e r s  a v e r a g i n g  15 
m i l e s  p e r  week and 147 men fo rm in g  a c o n t r o l  g r o u p .  The r u n n e r s '  v a l u e s  
(64 mg/100 ml)  were s i g n i f i c a n t l y  h i g h e r  t h a n  t h o s e  o f  t h e  c o n t r o l  group 
(43  mg/100 m l ) .  A f o l l o w - u p  s t u d y  i n d i c a t e d  s i m i l a r  r e s u l t s  w i th  fem a le  
r u n n e r s  (Wood e t  a l . ,  1 9 7 7 ) .  B e s i d e s  t h e  i n c r e a s e d  h a b i t u a l  l e v e l  of  
p h y s i c a l  a c t i v i t y  t h a t  d i s t i n g u i s h e d  t h e  r u n n in g  from t h e  n o n - ru n n i n g  
g ro u p ,  t h e  r u n n e r s '  l e v e l  o f  f a t n e s s  was s i g n i f i c a n t l y  l ow e r .
M a r t i n  e t  a l . (1977)  a l s o  o b s e rv e d  a s i g n i f i c a n t  d i f f e r e n c e  in  HDL 
l e v e l s  be tween  d i s t a n c e  r u n n e r s  and a s e d e n t a r y  c o n t r o l  g r o u p .  In a d d i ­
t i o n ,  i t  was no ted  t h a t  v a l u e s  o f  HDL c h o l e s t e r o l  i n c r e a s e d  w i t h  i n ­
c r e a s i n g  age in  a c t i v e  r u n n e r s ,  w h i l e  t h e  s e d e n t a r y  c o n t r o l s  showed a 
s l i g h t  d e c r e a s e  o r  no change  in  HDL c h o l e s t e r o l  w i t h  i n c r e a s i n g  age .  
F u r t h e r  s u p p o r t  emerged from s t u d y  o f  l i p i d  p r o f i l e s  o f  male  F i n n i s h  
s k i e r s ,  r u n n e r s ,  and l u m b e r j a c k s  ( L e h tone n  & V i i k a r i ,  1 9 7 8 a ) .  HDL 
l e v e l s  o f  65 ,  58 ,  and 43 mg/100 ml were found in mara thon  r u n n e r s ,  j o g ­
g e r s ,  and i n a c t i v e  men, r e s p e c t i v e l y  ( H a r tung  e t  a l . ,  1980 ) .  There  were 
no d i e t a r y  d i f f e r e n c e s  among t h e  g r o u p s ,  s u g g e s t i n g  t h a t  t h e  l e v e l  o f  
h a b i t u a l  a c t i v i t y  p l ay e d  a p r im a ry  r o l e  in  t h e  s i g n i f i c a n t l y  d i f f e r e n t  
HDL c h o l e s t e r o l  l e v e l s .
D i s c r e p a n c i e s  e x i s t  c o n c e r n i n g  t h e  e f f e c t s  o f  t r a i n i n g  on HDL c h o ­
l e s t e r o l  l e v e l s  in r e l a t i v e l y  s e d e n t a r y  s u b j e c t s .  In a s t u d y  o f  non-  
o b e s e  women, i t  was r e p o r t e d  by M ol l ,  W i l l i a m s ,  L e s t e r ,  Q u a r f o r d t ,  and 
W a l l a c e  (1980)  t h a t  n o n s i g n i f i c a n t  c h a n g e s  in  t h e  HDL l e v e l s  and body 
w e i g h t  e x i s t e d  f o l l o w i n g  a s i x  week program o f  j o g g i n g .  S i m i l a r  r e s u l t s  
were d e m o n s t r a t e d  by S h e p h e rd ,  Youldon,  Cox, and West (1980)  who s t u d i e d  
98 men and 158 women b e f o r e  and a f t e r  a 6 month employee f i t n e s s
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program. The r e s u l t s  i n d i c a t e d  t h a t  even t h e  h igh  a d h e r e n t  g r o u p ,  who 
e x e r c i s e d  2 t o  3 t i m e s  p e r  week, showed minimal  ch a n g es  in HDL c h o l e s ­
t e r o l ,  even  though  t h e  body w e ig h t  w a s . s i g n i f i c a n t l y  r e d u c e d .
In summary, t h e  a v a i l a b l e  r e s e a r c h  on t h e  l i p o p r o t e i n  f r a c t i o n s  
i n d i c a t e s  t h a t  i n d i v i d u a l s  p a r t i c i p a t i n g  in  r e g u l a r  e x e r c i s e  t r a i n i n g  
programs o r  p h y s i c a l l y  demanding o c c u p a t i o n s  a r e  a t  l e s s  r i s k  f o r  CAD.
I t  a p p e a r s  t h a t  upward s h i f t s  o f  HDL c h o l e s t e r o l  and downward s h i f t s  o f  
VLDL and LDL c h o l e s t e r o l  g e n e r a l l y  occu r  as  a r e s u l t  o f  a c t i v e  l i f e ­
s t y l e s .  A c c o r d i n g l y ,  t h e s e  c h a n g e s  o f t e n  r e s u l t  in  a small  change or  no 
change  in  t o t a l  c h o l e s t e r o l .  The u s e  o f  t r a i n i n g  programs has  been 
h e l p f u l  in  u n d e r s t a n d i n g  t h e s e  s h i f t s ,  e s p e c i a l l y  t h e  HDL-C f r a c t i o n .
Hormones and Corona ry  A r t e r y  D i s e a s e  
Androgens
Although  t h e  r i s k  f a c t o r s  f o r  CAD a r e  b a s i c a l l y  t h e  same f o r  m ales  
a n d ' f e m a l e s ,  i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  hormonal d i f f e r e n c e s  may 
p l a y  a r o l e  i n  p r e d i s p o s i n g  m ales  t o  CAD. R esea rch  n o t  o n ly  i n d i c a t e s  
t h a t  b lood  l e v e l s  o f  a nd roge ns  a r e  p o s i t i v e l y  r e l a t e d  t o  CAD in  males  
( P h i l l i p s ,  1 9 7 7 ) ,  b u t  t h a t  t h e y  a r e  a s s o c i a t e d  w i t h  bo th  m u s c u la r  
s t r e n g t h  (Bowers & Rea rdon ,  1972)  and a e r o b i c  c a p a c i t y  ( Johnson  & O 'S hea ,  
1969) .
A number o f  i n v e s t i g a t i o n s  have been c o n d u c te d  in  which t h e  e f f e c t s  
o f  e x e r c i s e  on serum t e s t o s t e r o n e  have been s t u d i e d .  T h e re  a r e  some 
i n d i c a t i o n s  t h a t  a d e c r e a s e  i n  t e s t o s t e r o n e  o c c u r s  f o l l o w i n g  e x e r c i s e .
For  exam p le ,  D e s s y p r i s ,  K uoppasa lm i ,  and A d l e r c r e u t z  (1976)  found  a 60% 
d e c r e a s e  i n  p lasma t e s t o s t e r o n e  l e v e l s  in 14 F i n n i s h  amateur  r u n n e r s
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f o l l o w i n g  a m ara thon  r u n .  The l u t e i n i z i n g  hormone (LH) v a l u e s  were 
n o t  a f f e c t e d ,  s u g g e s t i n g  t h a t  p ro lo n g e d  e x e r c i s e  doe s  no t  a f f e c t  t h i s  
v a r i a b l e .
S u t t o n ,  Coleman,  Casey ,  and L a z a ru s  (1973)  s t u d i e d  t h e  serum a n d r o ­
gen ( p r i m a r i l y  t e s t o s t e r o n e )  r e s p o n s e  t o  p h y s i c a l  e x e r c i s e  in  29 s u b ­
j e c t s  who were m o s t l y  wor ld  c l a s s  swimmers and r o w e r s .  R e s u l t s  showed 
t h a t  t h e r e  were no a l t e r a t i o n s  i n  serum and rogens  a f t e r  submaximal e x e r ­
c i s e  a l t h o u g h  s i g n i f i c a n t  i n c r e a s e s  were no ted  f o l l o w i n g  maximal e x e r ­
c i s e  l a s t i n g  20 t o  29 m in .  R e s u l t s  a l s o  showed t h a t  t h e r e  was no a s s o ­
c i a t e d  r i s e  in  l e v e l s  o f  serum LH i n  t h e  ro w e rs  or  f e m a le  swimmers.  In 
a s i m i l a r  s t u d y ,  G a lbo ,  Hammer, P e t e r s o n ,  C h r i s t e n s e n ,  and Bie  (1977)  
found  t h a t  serum t e s t o s t e r o n e  c o n c e n t r a t i o n s  i n c r e a s e d  13 pe r  c e n t  a f t e r  
m o d e r a te  t o  maximal e x e r c i s e ,  and 31 p e r  c e n t  a f t e r  40 min o f  p ro lo n g e d  
e x e r c i s e .  The e x p e r i m e n t e r s  c o n c lu d e d  t h a t  t h e  13 p e r  c e n t  i n c r e a s e  
c o u l d  be e x p l a i n e d  by c hanges  in  p lasma volume,  b u t  a r e a l  i n c r e a s e  
o c c u r r e d  f o l l o w i n g  40 min o f  p ro lo n g e d  e x e r c i s e .
Young and I sm a i l  (1978)  r e p o r t e d  a s l i g h t  i n c r e a s e  in  serum t e s t o ­
s t e r o n e  l e v e l s  in  m i d d l e - a g e d  s e d e n t a r y  men w i th  low t e s t o s t e r o n e  and 
low f i t n e s s  l e v e l s  f o l l o w i n g  4 months of  a e r o b i c  e x e r c i s e .  The same was 
n o t  no ted  in  men w i th  h i g h e r  f i t n e s s  and t e s t o s t e r o n e  l e v e l s  f o l l o w i n g  
t r a i n i n g .  S i m i l a r  r e s u l t s  were found by Remes, Kuoppasa lm i ,  and A d l e r ­
c r e u t z  ( 1 9 7 9 ) ,  who s t u d i e d  t h e  e f f e c t s  o f  6 months o f  p h y s i c a l  t r a i n i n g  
on p lasma t e s t o s t e r o n e  in  39 army r e c r u i t s .  A h i g h l y  s i g n i f i c a n t  i n ­
c r e a s e  i n  t e s t o s t e r o n e  (21%) was found f o l l o w i n g  t h e  t r a i n i n g  p e r i o d .
The mean p lasma LH a l s o  i n c r e a s e d ,  s i g n i f i c a n t l y ,  by 25% (f rom 1 0 .9  t o  
13 .5  I U / 1 ) .  Although  t h i s  i n c r e a s e  f i t s  w e l l  w i t h  t h e  i n c r e a s e  in  plasma
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t e s t o s t e r o n e ,  no s i g n i f i c a n t  c o r r e l a t i o n  be tw een  plasma t e s t o s t e r o n e  and 
p lasma LH was o b s e r v e d .
The l a t t e r  s t u d i e s  l end  s u p p o r t  t o  t h e  h y p o t h e s i s  t h a t  p h y s i c a l  
e x e r c i s e  o f  submaximal and maximal i n t e n s i t i e s  as  w e l l  as  e n d u ra n c e  
t r a i n i n g  e l i c i t s  i n c r e a s e s  in  serum t e s t o s t e r o n e  l e v e l s .  N e v e r t h e l e s s ,  
a body of  i n f o r m a t i o n  e x i s t s  i n d i c a t i n g  a c o n t r a r y  p o i n t  o f  v iew .  For 
e xa m p le ,  Lamb (1975)  s t u d i e d  t e s t o s t e r o n e  in  11 u n t r a i n e d  m a l e s ,  22 t o  
24 y e a r s  of  age ,  b e f o r e  and a f t e r  a p r o g r e s s i v e  b i c y c l e  e r g o m e te r  r i d e  
t o  e x h a u s t i o n .  No s i g n i f i c a n t  c h a n g e s  in  p lasma t e s t o s t e r o n e  l e v e l s  
w ere  no ted  a f t e r  e x e r c i s e .  A more r e c e n t  s t u d y  by W i l k e r s o n ,  H o rv a th ,  
and G u t in  (1980)  h a s  q u e s t i o n e d  t h e  i n c r e a s e  i n  t e s t o s t e r o n e  l e v e l s  p r e ­
v i o u s l y  r e p o r t e d  by o t h e r  i n v e s t i g a t o r s .  F o l low ing  bo th  submaximal  and 
maximal t e s t s  t h e  a u t h o r s  found t h a t  an i n c r e a s e  in  plasma t e s t o s t e r o n e  
c o n c e n t r a t i o n  o c c u r r e d  t h a t  was equa l  in m agn i tude  t o  t h e  d e c r e a s e  in  
pl asma volume.
O the r  i n v e s t i g a t o r s  have a l s o  s t u d i e d  t h e  u s e  o f  v a r y i n g  i n t e n s i ­
t i e s  o f  e x e r c i s e  on t e s t o s t e r o n e  l e v e l s .  For  exam p le ,  Kuoppasa lm i ,  
N a v e r i ,  Rehunen,  Harkonen ,  and A d l e r c r e u t z  (1976)  s t u d i e d  t h e  e f f e c t s  o f  
d i f f e r e n t  r u n n in g  i n t e n s i t i e s  on p lasma t e s t o s t e r o n e  and p lasma LH 
l e v e l s  in  f i v e  male  s p r i n t e r s  and f i v e  male d i s t a n c e  r u n n e r s .  Although 
t h e  mean t e s t o s t e r o n e  and LH l e v e l s  were no t  a l t e r e d  s i g n i f i c a n t l y  f o l ­
lowing  t h e  s p r i n t i n g  a c t i v i t i e s ,  s i g n i f i c a n t  i n c r e a s e s  in  t e s t o s t e r o n e  
w ere  found in  b o th  t h e  m o d e r a t e  and long d i s t a n c e  r u n s  (7% and 21&, 
r e s p e c t i v e l y ) .  The d i f f e r e n c e  be tw een  t h e  mean LH l e v e l s  b e f o r e  t h e  
m o d e r a t e  r u n  (mean 1 0 .0  IU/1)  and i n t e n s e  r u n  (mean 15 .1  IU/1) was co n ­
s i d e r a b l e  (P < 0 . 0 5 ) .  However, no s i g n i f i c a n t  ch a n g es  in  LH o c c u r r e d
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d u r i n g  t h e  r u n s ,  b u t  a f t e r  a 30 min r e c o v e r y  p e r i o d ,  mean p lasma LH had 
d e c r e a s e d  s i g n i f i c a n t l y  (42%) from t h e  p r e c e d i n g  l e v e l s .
A f o l l o w - u p  s t u d y  by Kuoppasalmi (1980)  d e m o n s t r a t e d  t h e  im p o r ta n c e  
o f  t h e  b i n d i n g  o f  t e s t o s t e r o n e  t o  plasma p r o t e i n s ,  s i n c e  t h i s  may r e f l e c t  
t h e  amount o f  f r e e  t e s t o s t e r o n e  and t h e  m e t a b o l i c  c l e a r a n c e  r a t e  o f  t h e  
hormone.  On t h e  b a s i s  of  t h e  c o m pa r i sons  made, t h e  mean plasma s e x -  
ho rm o n e -b in d in g  c a p a c i t y  o f  31 t r a i n e d  men (29 nm ol/1 )  d i d  not  d i f f e r  
f rom t h a t  o f  47 u n t r a i n e d  men (29 n m o l / 1 ) .
Only a few s t u d i e s  have been c o n d u c te d  in  which plasma l e v e l s  of  
t e s t o s t e r o n e  have been o b s e rv e d  d u r i n g  a r e s i s t i v e  w e igh t  t r a i n i n g  p r o ­
gram. J o h n s o n ,  S to n e ,  Byrd,  and Lopez-S (1982)  examined t h e  e f f e c t ' s  o f  a 
12 week r e s i s t i v e  w e ig h t  t r a i n i n g  program on plasma androgens  in  m id d l e -  
aged s e d e n t a r y  m a l e s .  The w e ig h t  t r a i n i n g  group  showed a s i g n i f i c a n t  
i n c r e a s e  i n  t e s t o s t e r o n e  from 5 .1 8  ng/ml t o  7 .17  ng/ml a t  t h e  end o f  12 
weeks.  F u r t h e r  r e s e a r c h  i s  n e c e s s a r y  t o  examine t h e s e  changes  and t h e i r  
r e l a t i o n  t o  t h e  b lood  l i p i d s .
E s t r o g e n
As p r e v i o u s l y  m e n t i o n e d ,  an i n v e r s e  r e l a t i o n s h i p  has  been shown t o  
e x i s t  be tween  H D L - c h o l e s t e r o l  and CAD. Females  e x h i b i t  i n c r e a s e d  l e v e l s  
o f  H D L - c h o le s te r o l  ( A l b e r s ,  Wahl, Cabana, H azza rd ,  & Hoover ,  1976;
M i l l e r  & M i l l e r ,  1 9 7 5 ) ,  s u g g e s t i n g  t h a t  t h e y  would be a t  lower r i s k  t h a n  
t h e i r  male  c o u n t e r p a r t s .  Although  t h i s  i s  u s u a l l y  t r u e  in  premenopausal  
women no t  t a k i n g  e s t r o g e n s ,  a number o f  s t u d i e s  i n d i c a t e  t h a t  t h e  admin­
i s t r a t i o n  o f  e s t r o g e n s  i n  pos tm enopausa l  women i s  a s s o c i a t e d  w i t h  i n ­
c r e a s e d  i n c i d e n c e  o f  c a r d i o v a s c u l a r  d i s e a s e  ( B a r r e t t - C o n n o r ,  Brown,
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T u r n e r ,  A u s t i n ,  & C r i q u i ,  1979;  P h i l l i p s ,  1977;  H i l l ,  Winder ,  Garbaczew-  
s k i ,  G a m e s ,  Walker ,  & Helman, 1980;  P f e f f e r ,  1979 ) .  Thus,  i t  may be 
t h a t  e l e v a t e d  hormone l e v e l s  ( such  as  e s t r a d i o l )  s e r v e  in  t h e  same 
manner  as  a p r o t e c t i v e  mechanism in  premenopausa l  women. However , t h e  
p a r t i c u l a r  mechanism and a s s o c i a t i o n  i s  unknown a t  t h i s  t i m e .
The e f f e c t s  o f  p h y s i c a l  a c t i v i t y  o r  p h y s i c a l  t r a i n i n g  on e s t r o g e n  
have no t  been i n v e s t i g a t e d  a t  t h i s  t i m e .  Such a s t u d y  would be a p p r o ­
p r i a t e ,  s i n c e  ch a n g es  in  r e s t i n g  l e v e l s  o f  e s t r o g e n ,  t e s t o s t e r o n e ,  o r  
b o t h ,  c o u l d  a c t  t o  m od ify  o r  a l t e r  t h e  b l o o d  l i p i d  l e v e l s  ( P h i l l i p s ,  
1977;  P h i l l i p s ,  1978 ) .
F o l l i c l e  S t i m u l a t i n g  Hormone
The a n t e r i o r  p i t u i t a r y  s e c r e t e s  two d i f f e r e n t  g o n a d o t r o p h i c  h o r ­
mones t h a t  a r e  e s s e n t i a l  f o r  f u n c t i o n  o f  t h e  o v a r i e s ;  f o l l i c l e  s t i m u ­
l a t i n g  hormone (FSH) and LH (Guyton ,  1 9 7 6 ) .  Both FSH and LH s t i m u l a t e  
t h e  o v a r i a n  c e l l s  by combining w i t h  c e l l u l a r  membrane r e c e p t o r s  t h a t  in  
t u r n  a c t i v a t e  a d e n y l c y c l a s e .  T h i s  t h e n  l e a d s  t o  an i n c r e a s e  i n  c y c l i c  
AMP in  t h e  c e l l s ,  c a u s i n g  growth and s e c r e t i o n  by t h e  o v a r i a n  c e l l s .
The r o l e  o f  FSH in  m a le s  i s  u n c l e a r .  Some r e s e a r c h  i n d i c a t e s  t h a t  
FSH g iv e n  in  smal l  do s e s  t o  hypophysec tom ized  r a t s  d o e s  n o t  m a i n t a i n  
e i t h e r  t h e  ge rm ina l  e p i t h e l i u m  o r  t e s t i c u l a r  w e i g h t ,  w h i l e  FSH and LH 
a d m i n i s t e r e d  t o g e t h e r  i n  r a t i o s  o f  4 : 1  t o  400 :1  do m a i n t a i n  t e s t i c u l a r  
f u n c t i o n  (F ri edman  & L i p n e r ,  1971 ) .  T h i s  l ed  t h e  a u t h o r s  t o  c o n c lu d e  
t h a t  t h e  combined a c t i o n  o f  t h e s e  hormones p r o b a b l y  i n v o l v e s  s t i m u l a t i o n  
o f  androgen  s e c r e t i o n  a s  f i n a l  m a t u r a t i o n  o f  t h e  sperm r e q u i r e s  t h e  
p r e s e n c e  o f  a n d ro g e n s .
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While  v e ry  l i m i t e d  i n f o r m a t i o n  i s  a v a i l a b l e  c o n c e r n in g  t h e  r o l e  of  
FSH i n  m a l e s ,  i n f o r m a t i o n  r e g a r d i n g  t h e  c h a n g e s  in  FSH f o l l o w i n g  t r a i n ­
ing i s  no t  a v a i l a b l e .  C o n s i d e r i n g  t h e  a f o r e m e n t io n e d  s t u d i e s  which have 
shown e s t r o g e n  t o  be a s s o c i a t e d  w i t h  CAD (C orona ry  Drug P r o j e c t  Resea rch  
Group,  1973 ;  P h i l l i p s ,  1 9 7 7 ) ,  i t  seems n e c e s s a r y  t o  i n v e s t i g a t e  t h e  
e f f e c t  o f  e x e r c i s e  t r a i n i n g  on a l l  sex hormones.
C a r d i o v a s c u l a r  F u n c t i o n
C o n s i d e r a b l e  d a t a  f rom numerous s t u d i e s  have shown t h e  f a v o r a b l e  
e f f e c t s  of  r u n n i n g  programs on t h e  c a r d i o r e s p i r a t o r y  s y s te m .  Jogg in g  
( P o l l o c k ,  M i l l e r ,  Janew ay ,  L i n n e r u d ,  R o b e r t s o n ,  & V a l e n t i n o ,  1 9 7 1 ) ,  
r e p e t i t i v e  s p r i n t s  (F o x ,  B a r t e l  I s ,  B i l l i n g s ,  Mathews,  B a t s o n ,  & Webb, 
1 9 7 3 ) ,  s t r e n u o u s  i n t e r v a l  t r a i n i n g  ( K n u t tg e n ,  N o r d e s jo ,  01 l a n d e r ,  & 
S a l t i n ,  1 9 7 3 ) ,  and e n d u r a n c e  t r a i n i n g  ( P o l l o c k ,  Dawson, M i l l e r ,  Ward, 
Cooper ,  H e a d ly ,  L i n n e r u d ,  & Nomier ,  1976) have been  used  t o  improve 
c a r d i o v a s c u l a r  f u n c t i o n .  However , t h e  c a r d i o r e s p i r a t o r y  b e n e f i t s  d e ­
r i v e d  from a r e s i s t i v e  w e i g h t  t r a i n i n g  program a r e  n o t  so c l e a r .
Al though numerous s t u d i e s  have shown t h a t  a t r a i n i n g  e f f e c t  o c c u r s  
when a minimum t h r e s h o l d  o f  60 t o  70% maximum h e a r t  r a t e  i s  r e a c h e d  and 
m a i n t a i n e d  d u r i n g  an e x e r c i s e  s e s s i o n  ( A s t r a n d  & R o d a h l , 1976;  Karvonen,  
K e n t a l a ,  & M u s la l a ,  1957;  P o l l o c k ,  Dawson, M i l l e r ,  Ward, Cooper ,  Head ly ,  
L i n n e r u d ,  Nomier ,  1 9 7 6 ) ,  i t  has  been s u g g e s t e d  t h a t  r e l a t i v e l y  low h e a r t  
r a t e s  a r e  d e v e lo p e d  w i t h  t r a d i t i o n a l  w e i g h t  t r a i n i n g  programs ( K e u l , 
1 9 7 3 ) .  O th e r s  have found  t h a t  h e a r t  r a t e s  in  e x c e s s  o f  60 t o  70% o f  
maximum were  e l i c i t e d  d u r i n g  w e i g h t  t r a i n i n g  s e s s i o n s  (Byrd & B a r to n ,  
1973;  A l l e n ,  Byrd,  & Sm ith ,  1976;  Ge t tm an,  A yres ,  P o l l o c k ,  & J a c k s o n ,
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1978;  S t o n e ,  B l e s s i n g ,  Byrd,  B o a t w r i g h t ,  Tew, Jo h n s o n ,  & Lopez-S ,
1982 ) .
S e v e ra l  i n v e s t i g a t o r s  have compared a e r o b i c  c a p a c i t y  v a l u e s  (max 
VO2 ) i n  e x c e p t i o n a l l y  w e l l - t r a i n e d  a t h l e t e s .  S a l t i n  & A s t ra n d  (1967)  
found  h i g h e r  maximum oxygen u p ta k e  (m l /k g /m in )  in  19 Swedish n a t i o n a l  
t e a m s ,  i n c l u d i n g  a v a r i e t y  o f  s p o r t s  such as  g y m n a s t i c s ,  s k i  jum p ing ,  
and w e i g h t  l i f t i n g ,  t h a n  in  u n t r a i n e d  c o n t r o l s .  S i m i l a r  f i n d i n g s  were 
n o t e d  by Fahey,  Akka, and Rolph (1975)  when s tu d y i n g  champion a t h l e t e s  
who had t r a i n e d  e x t e n s i v e l y  w i th  w e i g h t s .
In an a t t e m p t  t o  b e t t e r  u n d e r s t a n d  t h e  e f f e c t  o f  w e ig h t  t r a i n i n g  on 
c a r d i o v a s c u l a r  f u n c t i o n ,  Nagle  and I rw in  (1960) s t u d i e d  60 c o l l e g e  
f re shm e n  f o r  a p e r i o d  o f  e i g h t  weeks and found no s i g n i f i c a n t  ch a n g es  t o  
occu r  i n  maximal oxygen u p take  or  seven  o t h e r  v a r i a b l e s  o f  c a r d i o r e s p i ­
r a t o r y  f i t n e s s .  B u t t a  ( 1 9 7 3 ) ,  u s in g  a c i r c u i t  w e ig h t  t r a i n i n g  p rogram ,  
found  no s i g n i f i c a n c e  c h a n g e s  in p r e d i c t e d  VO2 wax a f t e r  s i x  weeks.  In 
a c o r o l l a r y  s t u d y ,  A l l e n ,  Byrd,  & Smith (1976)  used a c i r c u i t  w e ig h t  
t r a i n i n g  program f o r  12 weeks and found  no s i g n i f i c a n t  a l t e r a t i o n s  in 
c a r d i o v a s c u l a r  f u n c t i o n  o r  in  VO2 max. In ag re e m e n t ,  H ickson ,  Rosen-  
k o e t t e r ,  & Brown (1980)  found  no s i g n i f i c a n t  d i f f e r e n c e s  i n  a e r o b i c  
power (m l /k g /m in )  f o l l o w i n g  a t r a i n i n g  program s p e c i f i c a l l y  d e s ig n e d  to  
s t r e n g t h e n  t h e  q u a d r i c e p s  m u sc l e s  and t o  d e t e r m i n e  t h e  d i f f e r e n c e s ,  i f  
any ,  i n  VO2 max d u r i n g  b i c y c l e  and t r e a d m i l l  e x e r c i s e .
Although  t r a d i t i o n a l  w e i g h t  t r a i n i n g  programs u s in g  h igh r e s i s t a n c e  
and low r e p e t i t i o n s  have no t  shown s i g n i f i c a n t  c h a n g e s  in  a e r o b i c  c a p a c ­
i t y  measured in  m l / k g / m i n ,  c i r c u i t  w e i g h t  t r a i n i n g  (CWT) methods u s ing  
low r e s i s t a n c e  and h igh  r e p e t i t i o n s  may p roduce  p o s i t i v e  changes  in
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a e r o b i c  power f o l l o w i n g  t r a i n i n g .  S u p p o r t i v e  e v i d e n c e  f o r  CWT programs 
o f  t h i s  t y p e  i s  found  in  a s t u d y  by Get tman e t  a l . (1978)  who r e p o r t e d  
t h a t  b o th  CWT and r u n n in g  programs b r o u g h t  abou t  s i g n i f i c a n t  c h a n g e s  in 
VOg max ( 1 / m i n ) when compared t o  a c o n t r o l  g r o u p .  However, no s i g n i f i ­
c a n t  d i f f e r e n c e  o c c u r r e d  be tween  t h e  CWT and c o n t r o l  g roup  when VOg max 
was e x p r e s s e d  as  ml/kg LBW-min.
Although  Get tman e t  a l . (1978)  found  l i t t l e  or  no improvement in VO2 
max f o l l o w i n g  r e s i s t i v e  w e ig h t  t r a i n i n g ,  i t  i s  p o s s i b l e  t h a t  o t h e r  c a r ­
d i o v a s c u l a r  b e n e f i t s  occu r  f o l l o w i n g  such a program o f  e x e r c i s e .  For 
e xa m p le ,  improvement  in  c a r d i o v a s c u l a r  e n d u r a n c e  t im e  ha s  been o b se rve d  
in  s e v e r a l  s t u d i e s  i n v o l v i n g  programs o f  w e ig h t  t r a i n i n g  (Gettman e t  a l . ,  
1978;  Nagle  & I r w i n ,  1960;  S tone  e t  a l . ,  1 9 8 2 ) .  In t h e  l a t t e r  s t u d y ,  a 
s i g n i f i c a n t  i n c r e a s e  i n  t h e  t im e  t o  t a r g e t  on a c y c l e  e r g o m e te r  a t  s t a n ­
d a r d i z e d  lo a d s  was found a f t e r  s i x  weeks o f  t r a d i t i o n a l  w e i g h t  t r a i n i n g .  
Hickson  e t  a l . (1980)  d e m o n s t r a t e d  s i g n i f i c a n t  i n c r e a s e s  in  e n d u ra n c e  
t im e  on t h e  c y c l e  e r g o m e te r  and t r e a d m i l l  f o l l o w i n g  12 weeks o f  n o n c i r ­
c u i t  w e i g h t  t r a i n i n g .  These  s t u d i e s  s u p p o r t  t h e  h y p o t h e s i s  t h a t  w e ig h t  
t r a i n i n g  does  a f f e c t  c a r d i o v a s c u l a r  f u n c t i o n  f o l l o w i n g  a t r a i n i n g  program 
i n  such  a way t h a t  i t  m ig h t  o f f e r  a t y p e  o f  i n t e r v e n t i o n  a g a i n s t  CAO.
Body Com pos i t ion
I t  has  been shown t h a t  a s t a t i s t i c a l l y  s i g n i f i c a n t  r e l a t i o n s h i p  
e x i s t s  be tw een  serum c h o l e s t e r o l  l e v e l s  and body f a t  (Montoye,  E p s t e i n ,
& K j e l s b e r g ,  1966;  N i c h o l s ,  R a v e n s c r o f t ,  L am ph iea r ,  & O s t r a n d e r ,  1976) .
A number o f  i n v e s t i g a t o r s  have r e p o r t e d  c o n s i s t e n t  cha n g es  in  body com­
p o s i t i o n  ( l e a n  body w e ig h t  and % body f a t )  f o l l o w i n g  t r a i n i n g  programs
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c o n s i s t i n g  o f  w a l k i n g ,  j o g g i n g ,  and r u n n i n g  (Ge t tm an ,  P o l l o c k ,  A yres ,  
D u r s t i n e ,  Ward, & L i n n e r u d ,  1976;  M i l e s i s ,  P o l l o c k ,  A y r e s ,  Bah, Ward, & 
L i n n e r u d ,  1976;  T a y l o r ,  1 9 7 1 ) .  Many o f  t h e s e  same s t u d i e s  showed f a v o r ­
a b l e  ch a n g es  in  b lood  l i p i d  l e v e l s .  However , o n l y  one e x p e r i m e n t  has
c o n s i d e r e d  t h e  c hanges  in  b lo o d  l i p i d  l e v e l s  a f t e r  a p e r i o d  o f  w e ig h t
t r a i n i n g  ( S t o n e  e t  a l . ,  1982) .  T h i s  i s  a p a ra d o x ,  s i n c e  numerous i n v e s ­
t i g a t o r s  have shown w e i g h t  t r a i n i n g  t o  i n c r e a s e  l e a n  body w e ig h t  and to  
d e c r e a s e  p e r  c e n t  body f a t  (Brown & Wilmore ,  1974;  Fahey e t  a l . ,  1975;  
Gettman e t  a l . ,  1978; Mayhew & G r o s s ,  1974;  S t o n e ,  Sm ith ,  Ward, &
C a r t e r ,  1979;  Wilmore ,  1 9 7 4 ) .  In a d d i t i o n ,  S tone  e t  a l . (1982)  r e p o r t e d  
t h a t  t h e  b lood  l i p i d s  changed  in  a f a v o r a b l e  d i r e c t i o n ,  t h u s  s u g g e s t i n g  
t h a t  body c o m p o s i t i o n  c h a n g e s  f o l l o w i n g  w e i g h t  t r a i n i n g  may be r e l a t e d  
t o  b lo o d  l i p i d  l e v e l s .
In summary, t h e s e  s t u d i e s  p r e s e n t  e v i d e n c e  i n d i c a t i n g  t h a t  t r a i n i n g  
programs such  as  w a l k i n g ,  j o g g i n g ,  and r e s i s t i v e  w e igh t  t r a i n i n g  not  
o n l y  a l t e r  body c o m p o s i t i o n  in  a f a v o r a b l e  d i r e c t i o n ,  b u t  a l s o  improve 
c a r d i o v a s c u l a r  f u n c t i o n .  In a d d i t i o n ,  a r e s i s t i v e - t y p e  t r a i n i n g  program 
a f f o r d s  some o f  t h e  same f a v o r a b l e  b e n e f i t s  i n  t h e  b lood  l i p i d  p r o f i l e  
t h a t  have p r e v i o u s l y  been  a s s o c i a t e d  w i t h  a e r o b i c  e x e r c i s e  p rog ram s .
S t r e n g t h
Human s t r e n g t h ,  t h e  a b i l i t y  t o  e x e r t  m u sc u la r  f o r c e ,  i s  n e c e s s a r y  
t o  m a i n t a i n  body s t r u c t u r e  and f u n c t i o n .  As a key component  o f  p h y s i c a l  
f i t n e s s ,  t h e  a c q u i s i t i o n  o f  s t r e n g t h  i s  no t  o n ly  n e c e s s a r y  f o r  p r e v e n ­
t i o n  o f  i n j u r i e s ,  b u t  i s  e s s e n t i a l  i n  a v a r i e t y  of  r e h a b i l i t a t i v e  and 
a t h l e t i c  p ro g ra m s .  The b e n e f i t s  o f  w e i g h t  t r a i n i n g  a r e  wel l -known and
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have been shown t o  be of  s i g n i f i c a n t  v a l u e  f o r  i n c r e a s i n g  m u sc u la r  
s t r e n g t h  and e n d u r a n c e ,  and l e a n  body w e igh t  { B e r g e r ,  1962;  B e r g e r ,
1965;  Capen, B r i g h t ,  & L in e ,  1961;  DeLorme, 1945;  Fahey & Brown, 1973;  
Get tman e t  a l . ,  1978;  O 'S h ea ,  1966;  S tone  e t  a l . ,  1979;  Wilmore,  1974 ) .
S i g n i f i c a n c e
An i n c r e a s e d  a w areness  o f  h e a r t  d i s e a s e  in  t h i s  c o u n t r y  has  promp­
t e d  t h e  m e d i c a l ,  h e a l t h ,  and l a y  com m uni t i e s  t o  seek s o l u t i o n s  t o  combat  
t h e  d i s e a s e .  While improved m ed ica l  and s u r g i c a l  t e c h n i q u e s  have p r o ­
longed  t h e  l i f e s p a n  o f  i n d i v i d u a l s  s u f f e r i n g  from CAD, t h e s e  methods 
have no t  a l t e r e d  t h e  c o u r s e  o f  t h e  d i s e a s e .  As a r e s u l t . ,  a v a r i e t y  of  
l i f e s t y l e  c h a n g e s ,  i n c l u d i n g  i n c r e a s e d  p h y s i c a l  a c t i v i t y ,  have been 
s u g g e s t e d  a s  t h e r a p e u t i c  m o d a l i t i e s .
E p i d e m i o l o g i c a l  s t u d i e s  have i n d i c a t e d  t h a t  t h e  b l o o d  l i p i d s  a r e  
r e l a t e d  t o  t h e  d i s e a s e  p r o c e s s  (Gordon e t  a l . ,  1977;  K a n n e l , e t  a l . ,  
1971 ) .  These s t u d i e s ' h a v e  s u g g e s t e d  t h a t  h igh  l e v e l s  o f  c h o l e s t e r o l  and 
t r i g l y c e r i d e s  a r e  among t h e  c u l p r i t s  l e a d i n g  t o  CAD. However, more 
r e c e n t  s t u d i e s  have shown t h a t  high l e v e l s  o f  t h e  LDL and VLDL f r a c t i o n s  
o f  c h o l e s t e r o l  have been found t o  be a s s o c i a t e d  w i t h  CAD, w h i l e  t h e  HDL 
f r a c t i o n  a p p e a r s  t o  be i n v e r s e l y  r e l a t e d  t o  CAD (Berg e t  a l . ,  1976; 
Gordon e t  a l . ,  1977) .
M idd le -a ge d  m ales  who p a r t i c i p a t e  i n  a e r o b i c  a c t i v i t i e s  p o s s e s s  
l i p i d  p r o f i l e s  t h a t  t e n d  t o  r e d u c e  t h e  r i s k  o f  CAD ( D r e s s e n d o r f e r  & 
Gahagen,  1979; Har tung e t  a l . ,  1980;  Lopez-S e t  a l . ,  1974;  Wood e t  a l . ,  
19 7 6 ) .  In g e n e r a l ,  t h i s  i n c l u d e d  d e c r e a s e d  LDL and VLDL and i n c r e a s e d  
HDL f r a c t i o n s .  P h i l l i p s  (1978)  h a s  s u g g e s t e d  t h a t  b lood  l i p i d  changes
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may be s e c o n d a r y  t o  hormonal  c h a n g e s  and t h a t  such a l t e r a t i o n s  a r e  a 
m ajo r  p r e d i s p o s i n g  f a c t o r  f o r  CAD in  m a le s .
U n t i l  r e c e n t l y  t h e  e f f e c t s  o f  w e ig h t  t r a i n i n g  on serum b lood  l i p i d s  
and hormones have no t  been i n v e s t i g a t e d .  The o n l y  e x p e r i m e n t  on t h i s  
t o p i c  i n d i c a t e d  t h a t  f a v o r a b l e  c h a n g e s  may occur  f o l l o w i n g  12 weeks of  
w e i g h t  t r a i n i n g  ( S t o n e ,  e t  a l . ,  1 9 8 2 ) .  I f  t h i s  f i n d i n g  p ro v es  t o  be 
r e p r o d u c i b l e ,  t h e n  a l a r g e  segment  of  s o c i e t y  u s in g  w e i g h t  t r a i n i n g  
a s  a form o f  e x e r c i s e  may be a l t e r i n g  t h e i r  r i s k  f o r  CAD.
R e c e n t  e v i d e n c e  h a s  a l s o  i n d i c a t e d  t h a t  hormonal  ch a n g es  may be 
r e l a t e d  t o  CAD. T h i s  would s u g g e s t  t h a t  a l t e r i n g  hormones in  a f a v o r a ­
b l e  d i r e c t i o n  may d e c r e a s e  t h e  r i s k  f o r  CAD. E x e r c i s e  by r u n n in g  a c t i v ­
i t i e s  ( D e s s y p r i s ,  e t  a l . ,  1976;  Galbo e t  a l . ,  1977;  S u t to n  e t  a l . ,  1973;  
Young & I s m a i l ,  1978)  and w e i g h t  t r a i n i n g  ( Johnson  e t  a l . ,  1980) has  
been  shown t o  m od i fy  hormone l e v e l s .
Thus ,  how v a r i o u s  fo rm s  of  t r a i n i n g  a f f e c t  t h e  p h y s i o l o g i c a l  and 
m e t a b o l i c  r e s p o n s e s  o f  m i d d l e - a g e d  s e d e n t a r y  men has  on ly  been p a r t l y  
e s t a b l i s h e d .  F u r t h e r  i n v e s t i g a t i o n  i n t o  t h i s  a r e a  may a s s i s t  i n  u n v e i l ­
ing p a r t  o f  t h e  m y s t e r y  o f  CAD and t h e  p o s s i b l e  i n f l u e n c e  and r o l e  t h a t  
v a r i o u s  t y p e s  o f  p h y s i c a l  e x e r c i s e  may p l a y .
CHAPTER I I
METHODS
I t  was t h e  p u r p o se  o f  t h i s  s t u d y  t o  compare t h e  e f f e c t s  o f  two 
t r a i n i n g  r e g i m e n s  on b lood  l i p i d s ,  hormones,  c a r d i o v a s c u l a r  f u n c t i o n ,  
body c o m p o s i t i o n ,  and s t r e n g t h  in  s e d e n t a r y  m i d d l e - a g e d  m a le s .
S u b j e c t s
S u b j e c t s  were  45 m ale  v o l u n t e e r s  who were be tween  30 and 60 y e a r s  
o f  a g e .  The s c r e e n i n g  f o r  t h e  s u b j e c t s  i n c l u d e d  a w r i t t e n  and o r a l  
h i s t o r y  s t a t i n g  t h a t  t h e  p a r t i c i p a n t  was f r e e  of  c l i n i c a l  h e a r t ,  l u n g ,  
and b l o o d  v e s s e l  d i s e a s e .  F u r t h e r  s c r e e n i n g  d u r i n g  e x e r c i s e  and r e c o v ­
e r y  r e q u i r e d  normal b l o o d  p r e s s u r e  and h e a r t  r a t e  r e s p o n s e s ,  t h e  a b s en c e  
o f  s u s t a i n e d  v e n t r i c u l a r  a r r h y t h m i a s ,  and l e s s  t h a n  1 .0  mm S-T segment  
d e p r e s s i o n  o r  e l e v a t i o n .  The s u b j e c t s  were r andom ly  a s s i g n e d  i n t o  a 
w e i g h t  t r a i n i n g  g ro u p ,  a r u n n i n g  g ro u p ,  and a s e d e n t a r y  c o n t r o l  g roup .
O r i e n t a t i o n
One week p r i o r  t o  t h e  f i r s t  b lood  d raw in g  t h e  s u b j e c t s  made t h e i r  
i n i t i a l  v i s i t t o  t h e  l a b o r a t o r y  t o  meet  t h e  i n v e s t i g a t o r  and l a b o r a t o r y  
a s s i s t a n t s  who a s s i s t e d  i n  t h e  s t u d y .  A b r i e f  o r i e n t a t i o n  was g iv e n  as  
t o  t h e  n a t u r e  o f  t h e  s t u d y  and t o  accus tom t h e  s u b j e c t s  t o  t h e  p r o c e d u r e  
and methods used in  t h i s  e x p e r i m e n t .  Each s u b j e c t  was g iv e n  t h e  o p p o r ­
t u n i t y  t o  c y c l e  f o r  two min in o r d e r  t o  f a m i l i a r i z e  them w i t h  t h i s  t e s t ­
ing i n s t r u m e n t .
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Blood A n a l y s i s
Blood Sample C o l l e c t i o n
Blood was drawn a t  0 ,  6 ,  and 12 weeks o f  t h e  s t u d y .  All  samples  
were  t a k e n  between  t h e  h o u r s  o f  7 :0 0  a .m.  and 9 : 0 0  a .m.  on d e s i g n a t e d  
d a y s  f o l l o w i n g  a 12-hour  f a s t .  A f t e r  a r r i v i n g  a t  t h e  E x e r c i s e  P h y s i o l ­
ogy L a b o r a t o r y ,  t h e  s u b j e c t  was s e a t e d ,  d u r i n g  which t ime  v e rb a l  c o n f i r ­
m a t io n  o f  t h e  f a s t i n g  s t a t e  was o b t a i n e d ,  an in formed c o n s e n t  was 
s i g n e d ,  and b lood  was drawn.  A p p r o x i m a t e l y  20 ml of  b lood  was drawn 
from t h e  median c u b i t a l  v e i n  o f  t h e  s u b j e c t ' s  r i g h t  arm by l a b o r a t o r y  
p e r s o n n e l .  A f t e r  one hour  a t  room t e m p e r a t u r e ,  t h e  b lood  sam p les  were 
c e n t r i f u g e d  a t  2 , 5 0 0  RPM f o r  20 m i n u t e s .  A g l a s s  m e d i c in e  d r o p p e r  
p i p e t t e  was used  t o  s e p a r a t e  t h e  serum from t h e  whole b l o o d  c e l l s .  The 
serum was t h e n  s t o r e d  in  a f r e e z e r  a t  +4"C.
Serum L ip id  D e t e r m i n a t i o n s  
Serum To ta l  C h o l e s t e r o l
A p p ro x im a te ly  3 ml o f  serum was used in t h e  a n a l y s i s  f o r  t o t a l  
c h o l e s t e r o l  a c c o r d i n g  t o  t h e  L ip id  R esea rch  C l i n i c ' s  Manual o f  L a b o r a ­
t o r y  O p e r a t i o n s ,  L i p id  and L i p o p r o t e i n  A n a l y s i s  (1974)  a t  t h e  Depar tm ent  
o f  P h y s i o l o g y ,  Auburn U n i v e r s i t y  School  o f  V e t e r i n a r y  M e d ic ine ,  Auburn, 
Alabama.
HDL C h o l e s t e r o l
The HDL c h o l e s t e r o l  d e t e r m i n a t i o n  was done by m e a s u r in g  t h e  HDL 
c h o l e s t e r o l  d i r e c t l y  i n  t h e  s u p e r n a t a n t  o f  1 . 0  ml o f  serum a f t e r  p r e ­
c i p i t a t i n g  t h e  VLDL and LDL c h o l e s t e r o l  u s in g  Mn++ and h e p a r i n  (1 M 
MnCl2 > 5 0 : 1 ,  4 0 :1  h e p a r i n  c o n t a i n i n g  5000 u n i t s  pe r  ml) a c c o r d i n g  t o  t h e
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method o f  L o p e s - V i r e l l a ,  S to n e ,  E l l i s ,  and Colwel l  ( 1 9 7 7 ) .  T h i s  a n a l y ­
s i s  was done a t  t h e  D epar tm en t  o f  P h y s i o l o g y ,  Auburn U n i v e r s i t y  School  
o f  V e t e r i n a r y  M e d ic in e ,  Auburn,  Alabama.
Hormone A n a l y s i s
All  p lasma and p i t u i t a r y  hormones were measured  by r ad io im m unoassa y  
(RIA).  These  a n a l y s e s  were done a t  t h e  Depar tm ent  of  P h y s i o l o g y ,
F l o r i d a  S t a t e  U n i v e r s i t y ,  T a l l a h a s s e e ,  F l o r i d a .
G o n a d o t ro p in  r a d i o i m m u n o a s s a y . Serum g o n a d o t r o p i n s  were measured  
a f t e r  t h e  RIA method d e s c r i b e d  by N iswender ,  M idg ley ,  Monroe, & R e i c h e r t  
( 1 9 6 8 ) .  P u r i f i e d  LH was i o d i n a t e d  by t h e  method d e s c r i b e d  by Greenwood,  
H u n t e r ,  & Glover  (1963)  u s i n g  1251-LH as  t r a c e .
E s t r a d i o l  Rad io im munoassay . T h i s  p r o c e d u r e  was m o d i f i e d  from 
methods  d e s c r i b e d  by W r i g h t ,  C o l l i n s ,  & P reedy  ( 1 9 7 8 ) .  Serum l e v e l s  of  
e s t r a d i o l  were  measured  u t i l i z i n g  a s p e c i f i c  a n t i s e r u m .
T e s t o s t e r o n e  r a d i o i m m u n o a s s a y . Serum t e s t o s t e r o n e  c o n c e n t r a t i o n s  
were d e t e r m i n e d  by RIA methods d e s c r i b e d  by Gay and K e r la n  (1 9 7 8 ) .
F i t n e s s  E v a l u a t i o n s
P h y s i c a l  Work C a p a c i t y
S u b j e c t s  r e p o r t e d  t o  t h e  E x e r c i s e  P h y s i o o lo g y  L a b o r a t o r y  a t  0 ,  6 ,  
and 12 weeks o f  t h e  s t u d y  f o r  a submaximal c a r d i o v a s c u l a r  f i t n e s s  t e s t .  
A f t e r  c o m p l e t i o n  o f  an in fo rm ed  c o n s e n t  f o r  e x e r c i s e  t e s t i n g ,  t h e  s e a t  
h e i g h t  was a d j u s t e d  and t h e  s u b j e c t  assumed a s e a t e d  p o s i t i o n  on a 
Monark c y c l e  e r g o m e t e r .  At t h i s  t im e  a r u b b e r  mouth p i e c e  was p l a c e d  in 
t h e  s u b j e c t ' s  mou th ,  t h e  nose  was c lam ped ,  and e x p i r e d  a i r  was t h e n  
r o u t e d  th r o u g h  a hose  i n t o  a Beckman M e ta b o l i c  C a r t  (BMC). The O2 and
CO2 a n a l y z e r s  were c a l i b r a t e d  a g a i n s t  known gas  samples  b e f o r e  each 
t e s t .  R e s t in g  m easu rem en ts  d u r i n g  t h i s  5 min p e r i o d  i n c l u d e d  t h e  h e a r t  
r a t e  (HR), b l o o d  p r e s s u r e  (BP) ,  a r e s t i n g  e l e c t r o c a r d i o g r a m  u s in g  a CM5 
l e a d  c o n f i g u r a t i o n  and a u t o m a t i c  1 min p r i n t o u t s  o f  v e n t i l a t i o n ,  oxygen 
u p t a k e ,  and t h e  r e s p i r a t o r y  q u o t i e n t .
Fo l lo w in g  p r e l i m i n a r y  m ea s u rem e n ts ,  t h e  s u b j e c t  pe rfo rmed  a p r o ­
g r e s s i v e  submaximal bo u t  on a Monark c y c l e  e rg o m e te r  t o  85% o f  p r e d i c t e d  
maximum HR ( t a r g e t ) .  Maximum HR was e s t i m a t e d  u s ing  220 -  age (A s t r a n d  
& R o d a h l , 1 9 7 7 ) .  S u b j e c t s  were i n s t r u c t e d  t o  pedal  a t  a r a t e  o f  50 
r e v o l u t i o n s  p e r  m in u t e  w i t h  t h e  a s s i s t a n c e  o f  a metronome.  A f t e r  an 
a d d i t i o n a l  work load  w i t h  t h e  r e s i s t a n c e  s e t  a t  0 kgm*min“ l  an i n c r e a s e  
o f  150 kgm-min"!  each min took  p l a c e  u n t i l  t h e  t a r g e t  HR was r e a c h e d .  
During t h e  l a s t  10 s e c  o f  each  min HR was c a l c u l a t e d  from ECG t r a c e s .  
T o t a l  t im e  t o  t a r g e t  was r e c o r d e d .
Body Com pos i t ion
S p e c i f i c  g r a v i t y  was d e t e r m i n e d  w i t h  s u b j e c t s  in  a 2 h p o s t p r a n d i a l  
s t a t e  by u n d e r w a te r  w e ig h in g  as  d e s c r i b e d  by K a tc h ,  M ic h a e l ,  and Horva th  
(1967)  and m o d i f i e d  by Wilmore and Behnke ( 1 9 6 8 ) .  V i t a l  c a p a c i t y  was 
m easured  u s in g  a C o l l i n s  s p i r o m e t e r ,  w e i g h t  in  kg was d e t e r m i n e d  on a 
H e a l th - O - M e te r  S c a l e  t o  t h e  n e a r e s t  1 kg and u n d e r w a te r  w e i g h t  was meas ­
ured  t o  t h e  n e a r e s t  .1 kg on a C h a t i l l o n  Autopsy  s c a l e .  E ig h t  u n d e r ­
w a t e r  t r i a l s  were r e c o r d e d  f o r  each  s u b j e c t  and t h e  t h r e e  h e a v i e s t  were 
used f o r  c o m p u t a t i o n s .  The f o rm u la  o f  Brozek and Keys (1951)  was used 
t o  e s t i m a t e  p e r  c e n t  body f a t  and LBW.
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S t r e n g t h
The maximum s t r e n g t h  o f  each s u b j e c t  was d e t e r m i n e d  a t  0 ,  6 ,  and 12 
weeks u s in g  t h e  bench p r e s s  and h a l f  s q u a t .  The maximum w e i g h t  t h a t  
each  s u b j e c t  c o u l d  bench p r e s s  one r e p e t i t i o n  o n l y ,  t h e  one r e p e t i t i o n  
maximum (1RM), was d e te r m in e d  by p r o g r e s s i v e l y  i n c r e a s i n g  t h e  load  u n t i l  
a c o m p le te  p r e s s  was u n s u c c e s s f u l .  B r i e f  r e s t  p e r i o d s  were g iven  to  
s u b j e c t s  be tween  each l i f t .  S m a l l e r  i n c r e m e n t s  o f  w e ig h t  were added to  
each  l i f t  as  1RM was a p p r o a c h e d .  The 1 RM f o r  t h e  h a l f  s q u a t  was d e t e r ­
mined a f t e r  a 45 d e g r e e  bend in  t h e  knee was p r e d e t e r m in e d  on a s q u a t  
r a c k .
T r a i n i n g  Programs
Running Program
A warm-up p e r i o d  l a s t i n g  a p p r o x i m a t e l y  10 min p rec e de d  each work­
o u t .  E x e r c i s e s  done d u r i n g  t h i s  t im e  were d e s i g n e d  t o  enhance  t h e  ge n ­
e r a l  c i r c u l a t i o n  and were  c o n d u c te d  in  a s low ,  s u s t a i n e d  manner (Appen­
d ix  B ) .
The a e r o b i c  t r a i n i n g  program was c o n d u c te d  3 days  pe r  week (Monday, 
Wednesday,  and F r i d a y )  f o r  12 c o n s e c u t i v e  weeks.  An in doo r  t r a c k  ( o n e -  
t w e l t h  m i l e )  was used f o r  t r a i n i n g  s e s s i o n s .  The f i r s t  3 weeks of  
t r a i n i n g  in v o lv e d  p r i m a r i l y  w a l k i n g / j o g g i n g  c o m b i n a t i o n s  a t  70-75% o f  
a g e - p r e d i c t e d  maximal h e a r t  r a t e  (APMHR). The h e a r t  r a t e  was t a k e n  by 
c a r o t i d  p a l p a t i o n  t o  d e t e r m i n e  t h e  i n t e n s i t y  o f  e x e r c i s e  a f t e r  each 
s p e c i f i e d  work i n t e r v a l  (Appendix B) .  P e r i o d i c  c h e c k s  by t h e  e x e r c i s e  
l e a d e r  were t a k e n  t o  i n s u r e  t h a t  t h e  p r o p e r  HR was be in g  m a i n t a i n e d .  
F o l low ing  3 weeks of  t r a i n i n g ,  t h e  i n t e n s i t y  was i n c r e a s e d  to  75-80% o f  
APMHR. An i n t e n s i t y  of  80-85% was used d u r in g  t h e  l a s t  6 weeks of
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t r a i n i n g .  The d u r a t i o n  o f  t h e  t r a i n i n g  s e s s i o n  r a n g e d  from 25 t o  35 
min .  A l l  t r a i n i n g  s e s s i o n s  were c o n d u c te d  by t h e  same e x e r c i s e  l e a d e r  
d u r i n g  t h e  h o u r s  o f  1 1 :0 0  a .m.  t o  1 :0 0  p.m.
A cool-down p e r i o d  l a s t i n g  a p p r o x i m a t e l y  5 min fo l l o w e d  each  t r a i n ­
ing s e s s io n . .  T h i s  i n c l u d e d  a w a lk ing  l a p  and s t r e t c h i n g  e x e r c i s e s .  
P r e c a u t i o n a r y  m ea s u res  were  t a k e n  t o  i n s u r e  t h a t  each  p a r t i c i p a n t  had no 
a d v e r s e  symptoms b e f o r e  l e a v i n g  t h e  e x e r c i s e  a r e a .  T h i s  i n c l u d e d  v i s u a l  
and v e r b a l  communica t ion w i t h  each  p a r t i c i p a n t .
Weight  T r a i n i n g  Program
A warm-up p e r i o d  l a s t i n g  a p p r o x i m a t e l y  10 min p rec e de d  each  t r a i n ­
ing  p rog ram .  These  e x e r c i s e s  were d e s ig n e d  t o  enhance  t h e  g e n e r a l  c i r ­
c u l a t i o n  and j o i n t  m o b i l i t y ,  and were c o n d u c te d  in  a s low ,  s u s t a i n e d  
m anne r .
The w e i g h t  t r a i n i n g  program was c o n d u c te d  3 days  pe r  week (Monday, 
Wednesday,  and F r i d a y )  f o r  12 c o n s e c u t i v e  weeks.  During t h e  f i r s t  6 
weeks of  t r a i n i n g  t h e  s u b j e c t s  used a s c h e d u l e  (Appendix D) which co n ­
s i s t e d  o f  3 s e t s  and 10 r e p e t i t i o n s  of  each l i f t .  These d id  no t  u t i l i z e  
a f i x e d  w e i g h t  b u t  p r o g r e s s e d  from l i g h t  t o  m o d era te  t o  heavy w e i g h t s ,  
j u d g e d  by t h e  i n d i v i d u a l ' s  p e r c e p t i o n .  The l a s t  6 weeks was a l t e r e d  in  
t h a t  t h e  number o f  r e p e t i t i o n s  d e c r e a s e d  on s p e c i f i e d  l i f t s ,  a l l o w i n g  
i n c r e a s e s  in  i n t e n s i t y .  A c o o l 7down p e r i o d  u s in g  l i g h t e r  t r a i n i n g  lo ad s  
f o l l o w e d  each  t r a i n i n g  s e s s i o n .  Each s u b j e c t  p r o g r e s s e d  a t  h i s  own r a t e  
d u r i n g  t h e  12 week t r a i n i n g  p e r i o d .  All  t r a i n i n g  s e s s i o n s  were c on ­
d u c t e d  by t h e  same e x e r c i s e  l e a d e r  d u r in g  t h e  h o u r s  o f  11 :00  a .m.  t o  
1 : 0 0  p.m.
27
S t a t i s t i c a l  A n a ly s e s  
A 3 X 3 a n a l y s i s  o f  v a r i a n c e  w i t h  r e p e a t e d  m easu res  on t im e  was 
used  t o  look a t  d i f f e r e n c e s  among g r o u p s  and t i m e .  S i n g l e  Degree o f  
Freedom Comparisons were  used  t o  examine t h e  s p e c i f i c  h y p o t h e s e s  abou t  
t h e  d i f f e r e n t i a l  e f f e c t s  a c r o s s  t im e  among g r o u p s .
CHAPTER I I I
RESULTS AND DISCUSSION 
Plasma L i p id s
C h o l e s t e r o l
Exam ina t ion  o f  t h e  s i n g l e  d e g r e e  o f  f reedom com par i sons  i n d i c a t e d  
t h a t  no s i g n i f i c a n t  d i f f e r e n c e s  in  t o t a l  c h o l e s t e r o l  o c c u r r e d  be tween  
t h e  j o g g e r s  and c o n t r o l s  a f t e r  6 o r  12 weeks o f  t r a i n i n g  ( T a b le  1 ) .
T a b le  1
Plasma T o t a l  C h o l e s t e r o l  (TC) C o n c e n t r a t i o n s  in  
Middle-Aged Men At 0 ,  6 ,  and 12 Weeks
Weeks
0 6 12
Group N TC, mg/100 ml
We i g h t 9 229 .1  + 4 0 . 2 222 .0  + 4 7 .1 227 .0  + 4 3 . 8
J o g g e r s 11 230 .7  + 3 6 . 8 237 .6  + 3 5 .0 232 .3  + 3 5 .6
C o n t r o l s 13 207 .9  + 2 6 .9 226 .1  + 3 8 .0 22 6 .8  + 4 0 .1
*P < .05 ( u s i n g  S i n g l e  Degree of  Freedom Comparisons)  
a = w e ig h t  vs c o n t r o l s *  (0 t o  6 weeks)  
b = w e ig h t  vs  c o n t r o l s *  (0 t o  12 weeks)
Other  a e r o b i c  c o n d i t i o n i n g  programs of  m o d e r a te  i n t e n s i t y  and d u r a ­
t i o n  have shown t h a t  t o t a l  p lasma c h o l e s t e r o l  i s  a l t e r e d  v e r y  l i t t l e ,  i f
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any ,  i n  m id d l e - a g e d  s e d e n t a r y  men (Byrd e t  a l . ,  1974;  C a r l s o n  & 
M o s s f e l d t ,  1964;  H o l l o s z y  e t  a l . ,  1964;  H u r t e r  e t  a l . ,  1972;  M i l e s i s ,  
1974) .
On t h e  o t h e r  ha nd ,  Lopez-S  e t  a l . (1974)  found  no change  in  body 
w e i g h t ,  b u t  a d e c r e a s e  (p < .03)  in  serum c h o l e s t e r o l  o f  7 mg/100 ml 
( from  169 mg/100 ml t o  162 mg/100 ml)  i n  13 m ed ic a l  s t u d e n t s  a f t e r  7 
weeks o f  i n t e n s e  a e r o b i c  e x e r c i s e .  I t  was s u rm ise d  t h a t  a d e c r e a s e  in 
t o t a l  c h o l e s t e r o l ,  a s s o c i a t e d  w i t h  t r a i n i n g ,  may no t  be s e en  i f  a r i s e  
i n  HDL-C s h o u ld  mask a d e c r e a s e  in  t h e  low d e n s i t y  l i p o p r o t e i n s  (LDL).
G a r r e t t ,  P a n g l e ,  and Mann (1966)  found  a 14.6% d e c r e a s e  (p  < 0 .0 1 )  
i n  serum c h o l e s t e r o l  in  a g roup  o f  o v e r w e i g h t  s u b j e c t s  u n d e rg o in g  a e r o ­
b i c  t r a i n i n g .  The s u b j e c t s  d id  e x h i b i t  a sm a l l  w e i g h t  l o s s  which may 
p a r t i a l l y  a c c o u n t  f o r  t h e  lower  serum c h o l e s t e r o l  l e v e l s .
A l though  no d i f f e r e n c e s  were  found be tween  t h e  w e i g h t  t r a i n e r s  and 
j o g g e r s ,  a s i g n i f i c a n t  d i f f e r e n c e  (p  < .05)  d i d  occu r  a t  6 and 12 weeks 
when t h e  w e i g h t  t r a i n e r s  and c o n t r o l s  were s t a t i s t i c a l l y  a n a ly z e d  u s ing  
s i n g l e  d e g r e e  o f  f reedom c o m p a r i s o n s  ( T a b le  1 ) .  However, t h i s  d i f f e r ­
e n c e  can  be a t t r i b u t e d  t o  t h e  i n i t i a l  low c h o l e s t e r o l  v a l u e  o f  t h e  c on ­
t r o l s ,  r a t h e r  t h a n  t o  any change  in  t h e  w e i g h t  t r a i n i n g  s u b j e c t s .  I t  i s  
n o t e w o r t h y  t h a t  v e r y  few s t u d i e s  have employed a n a e r o b i c  e x e r c i s e  t r a i n ­
ing  programs and t h e s e  o f f e r  mixed r e s u l t s .  Campbell (1965)  s t u d i e d  
c o l l e g e  f re shm an  and r e p o r t e d  i n c r e a s e s  o f  2 . 9 5  and 2 . 3 8  mg/100 ml in 
w e i g h t  t r a i n e r s  and w r e s t l e r s ,  r e s p e c t i v e l y ,  f o r  10 weeks .  Horne (1975)  
no t ed  t h a t  50 y e a r  o l d  men p a r t i c i p a t i n g  in  a mixed e x e r c i s e  program
program ( e . g . ,  r o w i n g ,  bench p r e s s ,  jump r o p e ,  s i t - u p s ,  b i c y c l e ,  t r e a d ­
m i l l )  had serum c h o l e s t e r o l  l e v e l s  lower t h a n  i n a c t i v e  c o n t r o l s  (225 
mg/100 ml as  compared t o  245 mg/100 m l ) .  T h i s  was i n d e p e n d e n t  of  body 
w e i g h t  b u t  p r o b a b l y  r e l a t e d ,  a s  t h e  a u t h o r  p o i n t e d  o u t ,  t o  o t h e r  v a r i a ­
b l e s ,  e . g . ,  p e r c e n t  body f a t ,  d i e t a r y  f a t ,  o r  t h e  e x e r c i s e  program i t ­
s e l f .  Johnson  e t  a l . (1982)  o b s e rv e d  no ch a n g es  in  t o t a l  plasma c h o l e s ­
t e r o l  f o l l o w i n g  5 weeks o f  w e ig h t  t r a i n i n g ,  b u t  d id  r e p o r t  a s i g n i f i c a n t  
d e c r e a s e  (p  < .05)  a f t e r  12 weeks.
Though t h e  b i o c h e m ic a l  mechanisms by which e x e r c i s e  c a u s e s  ch a n g es  
in  serum l i p i d s  a r e  n o t  c o m p l e t e l y  u n d e r s t o o d ,  s e v e r a l  s t u d i e s  have 
shown t h a t  i t  may be r e l a t e d  t o  t h e  f a t  m o b i l i z a t i o n  and m e ta bo l i sm  t h a t  
o c c u r s  d u r i n g  e x e r c i s e  ( C o s t i l l ,  Coy le ,  D a l s k y ,  Evans,  Fink & Hoopes,  
1977;  H o l l o s z y  e t  a l . ,  1964;  Paul' & Holmes, 1975 ) .  M i l l e r  and M i l l e r  
(1975)  s u g g e s t  t h a t  t h e  b e n e f i c i a l  e f f e c t  o f  e l e v a t e d  l e v e l s  o f  HDL may 
r e l a t e  t o  i t s  p o s s i b l e  r o l e  as  a v e h i c l e  f o r  t h e  t r a n s p o r t  of  c h o l e s ­
t e r o l  f rom t h e  p e r i p h e r a l  t i s s u e s  t o  t h e  l i v e r  f o r  m e ta b o l i s m  and e x c r e ­
t i o n .  In a d d i t i o n ,  i t  i s  t h o u g h t  t h a t  t h e  c h o l e s t e r o l  e s t e r i f y i n g  e n ­
zyme, l e c i t h i n - c h o l e s t e r o l  acy l  t r a n s f e r a s e  (LCAT), p r o b a b l y  p l a y s  a p a r t  
in  t h e  t r a n s f e r  o f  c h o l e s t e r o l  from t h e  c e l l  t o  HDL p a r t i c l e s ,  t h u s  
r e d u c i n g  t h e  body c h o l e s t e r o l  p o o l .  S i n c e  t h e  w e i g h t  t r a i n e r s '  e x e r c i s e  
program was r e s i s t i v e  in  n a t u r e  and s u p p o r t e d  p r i m a r i l y  by a n a e r o b i c  
m echan ism s ,  i t  would a ppe a r  t h a t  any c hanges  in  c h o l e s t e r o l  would no t  
a f f e c t  f a t  m e ta b o l i s m  s i g n i f i c a n t l y .  However, o t h e r  s t u d i e s  (Lopez-S e t  
a l . ,  1974;  S to n e  e t  a l . ,  1982)  s u g g e s t  t h a t  t h e  t o t a l  work load  com­
p l e t e d  may p l a y  an i m p o r t a n t  r o l e  in  a l t e r i n g  t o t a l  plasma c h o l e s t e r o l  _  
l e v e l s .  I t  i s  a l s o  p o s s i b l e  t h a t  t h e  l a r g e  oxygen d e b t  p roduced  d u r i n g
w e i g h t  t r a i n i n g  t h a t  would i n v o lv e  t h e  use  o f  a e r o b i c  mechanisms d u r in g  
r e c o v e r y .  T h i s  may a c t  t o  enhance  l i p i d  u t i l i z a t i o n  and he nce  a f f e c t  
t h e  serum l i p i d  l e v e l s .  D e h y d r o e p ia n d o s t e r o n e  (Lopez-S  e t  a l . ,  19 7 6 ) ,  
t h e  E s t r a d i o l / T e s t o s t e r o n e  ( P h i l l i p s ,  1 9 7 7 ) ,  and d i e t  ( B a l a r t ,  More, 
G r e m i l l i o n ,  & Lopez-S ,  1974) have  a l s o  been s u g g e s t e d  t o  be i n f l u e n c i n g  
f a c t o r s  in  t h e  t r a i n i n g  in duced  c h a n g e s  in  serum l i p i d s .
High D e n s i t y  L i p o p r o t e i n  -  C h o l e s t e r o l
The w e i g h t  t r a i n e r s  had an i n i t i a l  HDL-C v a l u e  o f  3 7 .7  mg/100 ml 
and a t  12 weeks e x h i b i t e d  a s i g n i f i c a n t  11.4% i n c r e a s e  (p < .05)  t o  42 
mg/100 ml (T a b le  2 ) .  A s i m i l a r  p a t t e r n  was s e en  in  d a t a  o f  t h e  j o g g e r s .  
They e x p e r i e n c e d  no change  a t  6 weeks,  b u t  a t  12 weeks a s i g n i f i c a n t  
i n c r e a s e  (14 .2%, p < .05)  t o  4 3 . 5  mg/100 ml o c c u r r e d .
Tab le  2
High D e n s i ty  L i p o p r o t e i n  C h o l e s t e r o l  (HDL-C) C o n c e n t r a t i o n  
In Middle-Aged Men a t  0 ,  6 ,  and 12 Weeks
Weeks
0 6 12
Group N HDL-C, mg/100 ml
Weight 9 3 7 .7  + 9 . 9 4 0 .3  + 12 .4 4 2 . 0 + 1 0 .0
J o g g e r s 11 38 .1  + 3 . 8 3 8 .4  + 4 .2 4 3 .5 + 6 .6
C o n t r o l s 13 37 .1  + 5 .6 37 .3  + 4 .0 37 .5 + 5 .5
*p < .05  ( u s i n g  S i n g l e  Degree o f  Freedom Compari sons)  
a = j o g g e r s  vs  c o n t r o l s *  (6 t o  12 weeks)  
b = j o g g e r s  vs c o n t r o l s *  (0 t o  12 weeks)  
c = w e i g h t  vs c o n t r o l s *  (0 t o  12 weeks)
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The HDL-C mean v a l u e s  ( T a b l e  2) were low f o r  s e d e n t a r y  m i d d l e - a g e d  
men; A l b e r s  e t  a l . (1976)  r e p o r t e d  t h a t  n o r m o l ip i d e m i c  m ale s  s h o u ld  have 
HDL-C l e v e l s  o f  a t  l e a s t  45 mg/100 m l .  In t h e  p r e s e n t  s t u d y ,  t h e  HDL-C 
l e v e l  ( 4 3 . 5  mg/100 ml) f o r  t h e  j o g g e r s  a f t e r  12 weeks o f  t r a i n i n g  was 
much lower t h a n  t h o s e  d e s c r i b e d  f o r  m i d d l e - a g e d  males  who r a n  39 m i l e s  
p e r  week (64  mg/100 ml) (Wood e t  a l . ,  1 9 7 6 ) ,  e l i t e  d i s t a n c e  r u n n e r s  (56  
mg/100 ml) ( M a r t i n  e t  a l . ,  1 9 7 7 ) ,  and m id d l e - a g e d  m ara thon  r u n n e r s  (65 
mg/100 ml) (H ar tung  e t  a l . ,  19 8 0 ) .  A s i g n i f i c a n t  i n c r e m e n t  in  HDL-C 
o c c u r r e d  a t  t h e  h i g h e r  i n t e n s i t y  o f  t r a i n i n g  d u r i n g  weeks 7 t o  1 2 . ( i . e . ,  
X HR = 76.055 APMHR f o r  0 t o  6 weeks and 83.0% APMHR f o r  7 t o  12 weeks)  
s u g g e s t i n g  t h a t  a t h r e s h o l d  may e x i s t  w i t h  r e s p e c t  t o  e x e r c i s e  induced  
c h a n g e s  in  t h e  c o n c e n t r a t i o n  o f  HDL-C. The i n c r e a s e  i s  s i m i l a r  t o  t h e  
f i n d i n g s  o f  H u t t u n e n ,  L a n s i m i e s ,  V o u t i l a i n e n ,  Enholm, H i e f a n e n ,
P e n t t i l a ,  S i i t o n e n ,  and Rauramaa ( 1 9 7 9 ) ,  who r e p o r t e d  a 13% i n c r e m e n t  (p 
< .001)  i n  HDL-C l e v e l s  f o r  p r e v i o u s l y  s e d e n t a r y  i n d i v i d u a l s  who p a r t i ­
c i p a t e d  in  an a e r o b i c  e x e r c i s e  program t h r e e  t o  f o u r  t im e s  a week f o r  4 
mon th s .  W e b s t e r ,  Sm i th ,  LaRosa,  Muesing,  and Wilson  (1978)  c o n c u r r e d ,  
r e p o r t i n g  13.8% i n c r e a s e s  in  HDL-C l e v e l s  in  m id d l e - a g e d  j o g g e r s  a f t e r  3 
weeks o f  e x e r c i s e  t r a i n i n g  (p < . 0 5 ) .
An 11.4% i n c r e a s e  i n  HDL-C l e v e l s  f o r  t h e  w e i g h t  t r a i n i n g  group 
o c c u r r e d  o v e r  t h e  12-week t r a i n i n g  p e r i o d  (p < . 0 5 ) .  A minimal  amount 
o f  d a t a  e x i s t s  c o n c e r n i n g  t h e  e f f e c t s  o f  a n a e r o b i c  c o n d i t i o n s  on HDL-C 
l e v e l s .  Lehtonnen and V i i k a r i  (1978b)  i t  was r e p o r t e d  t h a t  HDL-C l e v e l s  
were 26.4% h i g h e r  (p  < .001)  i n  l u m b e r j a c k s  as  compared t o  e l e c t r i c i a n s  
w h i l e  t o t a l  c h o l e s t e r o l  l e v e l s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t .  
Lehtonnen and V i i k a r i  (1978b)  s u b s e q u e n t l y  s t u d i e d  serum l i p i d s  i n  i c e
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hockey  and s o c c e r  p l a y e r s .  They found t h a t  i c e  hockey r e q u i r e s  a p p r o x i ­
m a t e l y  t w i c e  t h e  e n e r g y  e x p e n d i t u r e  o f  s o c c e r  and t w o - t h i r d s  o f  t h i s  
e x p e n d i t u r e  i n v o l v e s  a n a e r o b i c  m e t a b o l i s m .  The r e s u l t s  showed t h a t  t h e  
HDL-C l e v e l s  were s i g n i f i c a n t l y  lower (p < .01)  i n  i c e  hockey p l a y e r s  
( 4 6 . 0  mg/100 ml)  a s  compared t o  s o c c e r  p l a y e r s  ( 6 4 .3  mg/100 m l ) .  S tone  
e t  a l . (1982)  found  no s i g n i f i c a n t  ch a n g es  in  HDL-C a f t e r  12 weeks of  
w e i g h t  t r a i n i n g  o f  m id d le  aged men. D e s p i t e  i n c o n c l u s i v e  f i n d i n g s  in 
p r e v i o u s  r e s e a r c h  d e a l i n g  w i t h  t h e  e f f e c t s  o f  p r e d o m i n a n t l y  a n e r o b i c  
t r a i n i n g  on HDL-C, d a t a  from t h e  p r e s e n t  s t u d y  s u g g e s t  p o s i t i v e  c hanges  
from w e i g h t  t r a i n i n g .
To ta l  C ho le s te ro l /H D L -C
Exam ina t ion  o f  t h e  t o t a l  c h o le s t e r o l / H D L - C  r a t i o  i n  t h e  w e ig h t  
t r a i n e r s  and j o g g e r s  r e v e a l e d  s i g n i f i c a n t  (p  < .05)  d e c r e a s e s  in  bo th  
g r o u p s  f o l l o w i n g  12 weeks o f  t r a i n i n g  (T a b le  3 ) .  Changes in  bo th  g roups  
were a r e s u l t ,  p r i m a r i l y ,  o f  s i g n i f i c a n t  i n c r e a s e s  in  HDL-C. The i n i ­
t i a l  r a t i o s  o f  6 . 3  and 6 . 1  f o r  t h e  w e i g h t  t r a i n e r s  and j o g g e r s ,  r e s p e c ­
t i v e l y ,  were much h i g h e r  t h a n  o p t im a l  f o r  m id d l e - a g e d  m a l e s .  A l b e r s  e t  
a l . (1976)  h a s  s u g g e s t e d  t h a t  v a l u e s  o f  l e s s  t h a n  4 . 5  be m a i n t a i n e d  in  
o r d e r  t o  d e c r e a s e  t h e  r i s k  f o r  CAD.
S e v e ra l  d e s c r i p t i v e  s t u d i e s  r e s u l t e d  in r e p o r t e d  r a t i o s  of  3 . 1 ,
3 . 5 ,  and 3 . 8  i n  male  j o g g e r s  (Adner & C a s t e l l i ,  1980;  Har tung e t  a l . ,  
1980;  Wood e t  a l . ,  1 9 7 6 ) .  S e d e n ta r y  c o n t r o l s  v a l u e s  o f  4 . 6  and 4 . 9  
mg/100  ml in  t h e  l a t t e r  two s t u d i e s  were a l s o  r e p o r t e d .  Although t h e  
f i n a l  v a lu e  f o r  t h e  j o g g e r s  in  t h e  p r e s e n t  s t u d y  was h i g h e r  t h a n  r e ­
p o r t e d  by o t h e r s ,  i t  d id  r e p r e s e n t  a s i g n i f i c a n t  d e c r e a s e  (p < .05)
3^
Table 3
T o ta l  C h o l e s t e r o l / H i g h  D e n s i t y  L i p o p r o t e i n  (TC/HDL-C)
R a t i o s  i n  Middle-Aged Males  a t  0 ,  6 ,  and 12 Weeks
Weeks
0 6 12
Group N TC/HDL-C, r a t i o
Weight 9 6 . 3  + 1 . 4  5 .9  + 2 . 2 5 .7 + 1.6
J o g g e r s 11 6 . 1  + 0 . 8  6 . 3  + 1 . 4 5 .5 + 1 .3
C o n t r o l s 13 5 . 8  + 1 .5  6 .1  + 1 .2 6 .1 + 1 .1
*P < .0 5  ( u s i n g  S i n g l e  Degree o f  Freedom Compari sons)  
a = j o g g e r s  vs c o n t r o l *  (6 t o  12 weeks)
b = j o g g e r s  vs  c o n t r o l *  (0 t o  12 weeks)
c = w e i g h t  vs c o n t r o l *  (0 t o  12 weeks)
a f t e r  t h e  12 weeks o f  t r a i n i n g .  These  h igh  r a t i o s  a r e  p a r t l y  due t o  t h e  
low i n i t i a l  HDL-C v a l u e s  found in  t h i s  p a r t i c u l a r  g roup  o f  men.
The e f f e c t  o f  a n a e r o b i c  t r a i n i n g  such as  w e ig h t  l i f t i n g  on b lood  
l i p i d  r a t i o s  has  seldom been exam ined .  S tone  e t  a l . (1982)  d i d  demon­
s t r a t e  t h a t  d e c r e a s e d  TC/HDL-C r a t i o s  (p  < .01)  o c c u r r e d  f o l l o w i n g  12 
weeks o f  t r a i n i n g .  As in  t h e  p r e s e n t  s t u d y ,  t h e  m o d i f i e d  r a t i o  r e s u l t e d
p r i m a r i l y  from g a i n s  in  HDL-C l e v e l s ,  t h e  TC v a l u e s  r e m a in i n g  r e l a t i v e l y
c o n s t a n t .  I t  r e m a i n s  t o  be e l u c i d a t e d  i f  t h e  o b s e rv e d  l i p i d  changes  
induced  by e x e r c i s e  a r e  due t o  s u p p r e s s i o n  o f  s y n t h e s i s  or  i n c r e a s e d  
m e ta b o l i s m  o f  e i t h e r  t h e  l i p i d  o r  a p o p r o t e i n  components  o f  t h e  l i p o p r o ­
t e i n  f r a c t i o n s .  I t  a l s o  r e m a in s  t o  be shown i f  t h e  o b s e rv e d  e f f e c t s  o f  
e x e r c i s e  on serum l i p i d s  and l i p o p r o t e i n s  a r e  due t o  a thermodynamic
35
e f f e c t  of  e x e r c i s e  or  i f  i t  i s  an i n d i r e c t  i n f l u e n c e  m e d ia te d  t h ro u g h  
t h e  e f f e c t  of  e x e r c i s e  on o t h e r  o r g a n s  such as  t h e  l i v e r .
Hormones
T e s t o s t e r o n e
T h e re  were no s i g n i f i c a n t  c h a n g e s  d u r i n g  t h e  t r a i n i n g  p e r i o d  in  any 
g ro u p ,  c o n t r o l  o r  e x p e r i m e n t a l  ( T a b le  4 ) .  Young and I s m a i l  (1978)
Tab le  4
T e s t o s t e r o n e  C o n c e n t r a t i o n s  in  Middle-Aged
Males  a t  0 , 6 ,  and 12 Weeks*
Weeks
0 6 12
Group N T e s t o s t e r o n e ,  ng/ml
Weight 9 4 . 8  + 1 . 6 4 . 7  + 1 . 9 4 .7 1 
+
J o g g e r s 11 6 .2  + 4 . 8 6 .6  + 3 . 6 6 . 1 + 2 .1
C o n t r o l 13 8 . 1  + 3 . 6 8 . 6  + 4 . 4 7 . 8 + 3 .6
*No s i g n i f i c a n t  d i f f e r e n c e s .
s u g g e s t e d  t h a t  a e r o b i c  t r a i n i n g  m igh t  b r i n g  abou t  s l i g h t  i n c r e a s e s  in 
r e s t i n g  t e s t o s t e r o n e  l e v e l s  in  o l d e r  m ales  w i t h  low t e s t o s t e r o n e  and low 
f i t n e s s  l e v e l s ,  b u t  no i n c r e a s e  i n  o l d e r  men w i th  h i g h e r  f i t n e s s  and 
t e s t o s t e r o n e  l e v e l s .  Remes e t  a l . (1979)  s t u d i e d  t h e  e f f e c t s  o f  6 
months  o f  p h y s i c a l  t r a i n i n g  on pl asma t e s t o s t e r o n e  in  39 army r e c r u i t s  
and found  a h i g h l y  s i g n i f i c a n t  i n c r e a s e  (21%, P < .01)  i n  t e s t o s t e r o n e  
f o l l o w i n g  t h e  t r a i n i n g  p e r i o d .
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The p r e s e n t  s t u d y  showed t h e  w e ig h t  t r a i n i n g  g roup  t o  have no s i g ­
n i f i c a n t  ch a n g es  in  pl asma t e s t o s t e r o n e  a f t e r  12 weeks o f  t r a i n i n g .
T h i s  c o n c u r s  w i th  Stromme e t  a l . ( 1 9 7 4 ) ,  who r e p o r t e d  no change in c o l ­
l e g e  m ale s  a f t e r  8 weeks o f  w e ig h t  t r a i n i n g .  In c o n t r a s t ,  Johnson e t  
a l . (1980)  examined t h e  e f f e c t s  o f  12 weeks o f  w e ig h t  t r a i n i n g  in 
m i d d l e - a g e d  m ales  and found  a s i g n i f i c a n t  i n c r e a s e  in  t e s t o s t e r o n e  from 
5 . 1 8  ng/ml t o  7 .1 7  n g / m l . Although t h e  p r e s e n t  s tu d y  was v e ry  s i m i l a r  
i n  n a t u r e  t o  t h e  l a t t e r  i n v e s t i g a t i o n ,  i t  i s  no t  p o s s i b l e  t o  a d e q u a t e l y  
e x p l a i n  t h e  d i s c r e p a n c i e s  i n  t h e  r e s u l t s  and s u g g e s t s  t h a t  more i n v e s t i ­
g a t i o n  i n t o  t h i s  a r e a  i s  n e c e s s a r y .
L u t e o t r o p i c  Hormone
The r e s u l t s  i n d i c a t e  t h a t  no s i g n i f i c a n t  d i f f e r e n c e s  in  LH o c c u r r e d  
be tween  t h e  g r o u p s  f o l l o w i n g  12 weeks o f  t r a i n i n g .  In t h e  o n l y  o t h e r  
t r a i n i n g  s t u d y  l o c a t e d  in  which LH l e v e l s  wre m o n i t o r e d ,  mean plasma LH 
i n c r e a s e d  from 1 0 .9  t o  1 3 .6  IN/1 (25%, P < .01)  d u r i n g  a 6 month t r a i n ­
ing p e r i o d  (Remes e t  a l . ,  1979 ) .
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Table 5
Lu teo trop ic  Hormone (LH) Concentrations in
Middle-Aged Males a t 0, 6, and 12 Weeks*
Weeks
0 6 12
Group N LH, ng/ml
Weight 9 50 .7  + 2 2 .1 5 2 .3  + 2 2 .3 4 8 .6 + 1 5 .8
J o g g e r s 11 5 0 .9  +  1 8 .5 5 1 .9  +  1 7 .3 52 .9 +  19 .1
C on t ro l 13 4 7 .2  +  1 1 .4 4 6 .6  +  11 .7 4 7 .1 +  1 1 .3
*No s i g n i f i c a n t  d i f f e r e n c e s .
E s t r a d i o l
No s i g n i f i c a n t  d i f f e r e n c e s  o c c u r r e d  between  g r o u p s  d u r in g  t h e  0 t o  
6 o r  6 t o  12 week t r a i n i n g  p e r i o d .  However, i t  was found t h a t  a s i g ­
n i f i c a n t  d i f f e r e n c e  e x i s t e d  between  t h e  w e i g h t  t r a i n e r s  and c o n t r o l s  
f rom 0 t o  12 weeks.  I t  was d i s c l o s e d  t h a t  t h e  w e i g h t  t r a i n e r s  had a 16% 
d e c r e a s e  i n  e s t r a d i o l  w h i l e  t h e  c o n t r o l s  e x p e r i e n c e d  a 15.8% i n c r e a s e .  
The change in  t h e  l a t t e r  g roup  was n o t  e x p e c t e d  and p o s s i b l y  r e l a t e s  t o  
e x p e r i m e n t a l  e r r o r .  S in c e  no r e s e a r c h  on t h e  e f f e c t s  o f  p h y s i c a l  a c t i v ­
i t y  o r  p h y s i c a l  t r a i n i n g  on e s t r a d i o l  was f o u n d ,  i t  i s  no t  p o s s i b l e  t o  
compare d a t a .  P h i l l i p s  ( 1 9 7 8 ) ,  however ,  has  shown t h a t  h i g h e r  e s t r a d i o l  
l e v e l s  a r e  a s s o c i a t e d  w i t h  i n c r e a s e d  i n c i d e n c e  o f  CHD. Thus,  t h e  above 
change  shown by t h e  w e i g h t  t r a i n e r s  was in  a f a v o r a b l e  d i r e c t i o n ,  t h e r e ­
by p o s s i b l y  d e c r e a s i n g  t h e  r i s k  f o r  CHD.
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Table 6
E s tra d io l Concentrations in  Middle-Aged
Men a t 0, 6, and 12 Weeks
Weeks
0 6 12
Group N E s t r a d i o l ,  pg/ml






1 15 .6  + 7 .2
J o g g e r s 1 1 17 .3  + 8 .5 16 .7  + 6 .3 19 .0  + 4 . 8
C o n t r o l 13 18 .3  + 5 . 6 2 0 .1  + 7 . 8 21 .2  + 8 .4
*p < .05  ( u s i n g  S i n g l e  Degree o f  Freedom Comparisons)  
a = w e i g h t  vs c o n t r o l s *  (0 t o  12 weeks)
F o l l i c l e  S t i m u l a t i n g  Hormone
No s i g n i f i c a n t  c h a n g e s  o c c u r r e d  a t  0 - 6  o r  6 -12  weeks between  
g r o u p s ,  b u t  a s i g n i f i c a n t  d i f f e r e n c e  (p  < .05)  be tw een  t h e  w e i g h t  t r a i n ­
e r s  and j o g g e r s  was d i s c l o s e d  from 0 t o  12 weeks ( T a b le  7 ) .  The w e ig h t  
t r a i n e r s  e x p e r i e n c e d  a 2.855 i n c r e a s e  w h i l e  a 4.455 d e c r e a s e  o c c u r r e d  in 
t h e  j o g g e r s  f o l l o w i n g  t h e  t r a i n i n g  p rogram . Not on ly  i s  t h e  r o l e  o f  FSH 
i n  m a le s  u n c l e a r ,  b u t  a l s o  i n f o r m a t i o n  r e g a r d i n g  t h e  c hanges  f o l l o w i n g  
t r a i n i n g  a r e  n o t  a v a i l a b l e .  T h i s  compounds t h e  problem o f  a n a l y z i n g  t h e  
above r e s u l t s  as  t h e  t r a i n i n g  g ro u p s  d i s p l a y e d  ch a n g es  in  o p p o s i t e  
d i r e c t i o n s .
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Table 7
F o l l i c l e  S t i m u l a t i n g  Hormone (FSH) C o n c e n t r a t i o n s  
i n  Middle-Aged Males  a t  0 ,  6 ,  and 12 Weeks
Weeks
0 6 12
Group N FSH, ng/ml
Weight 9 242 .2  + 5 1 .6 24 5 .8  + 6 7 . 5 249 .1  + 7 4 .5
J o g g e r s 11 254 .0  + 5 1 .8 240 .3  + 5 2 .7 232 .5  + 5 6 .4
C o n t r o l 13 195 .6  + 6 0 .4 186 .0  + 6 0 .2 186 ,9  + 5 3 .1
*p < .05  ( u s i n g  S i n g l e  Degree o f  Freedom Comparisons )  
a = w e ig h t  vs  j o g g e r s *  (0 t o  12 weeks)
Pi h y d r o t e s t o s t e r o n e
No s i g n i f i c a n t  d i f f e r e n c e s  in  DHT o c c u r r e d  be tween  g ro u p s  a c r o s s  
t i m e .  Johnson  e t  a l . (1982)  r e p o r t e d  s i m i l a r  f i n d i n g s  on m id d l e - a g e d  
men u s ing  a 12 week w e ig h t  t r a i n i n g  program.  The f a i l u r e  t o  e x h i b i t  
ch a n g es  on t h i s  v a r i a b l e  would s u g g e s t  t h a t  a n a e r o b i c  t r a i n i n g  programs 
do n o t  a l t e r  t h i s  p a r t i c u l a r  v a r i a b l e .
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Table 8
D ihydrotestosterone (DHT) Concentrations in
Middle-Aged men at 0, 6, and 12 Weeks*
Weeks
0 6 12
Group N PHT, pg/ml
Weight 9 594 .3 + 57 5 .4 6 4 8 .0  + 358 .9 548 .2  + 40 5 .2
J o g g e r s 11 517 .6 + 4 7 0 .9 76 6 .3  + 947 .3 63 8 .3  + 719 .1
C o n t r o l 13 363 .9 + 27 4 .5 38 3 .0  + 22 7 .6 358 .2  + 180 .3
*No s i g n i f i c a n t  d i f f e r e n c e s .
C a r d i o v a s c u l a r  F u n c t io n
Time t o  T a r g e t
From t h e  i n i t i a t i o n  o f  t h e  e x e r c i s e  program t o  t h e  end o f  t h e  12- 
week p e r i o d ,  t h e  j o g g e r s '  t im e  t o  t a r g e t  h e a r t  r a t e  was 4.3% l o n g e r  (p  < 
.05)  a t  6 weeks and 10% l o n g e r  (p  < .05)  a f t e r  12 weeks compared t o  t h e  
i n i t i a l  v a lu e  {Table  9 ) .  T h i s  i s  c o n s i s t e n t  w i t h  o t h e r  r u n n i n g  a c t i v i ­
t i e s  t h a t  have shown improved c a r d i o v a s c u l a r  f u n c t i o n  f o l l o w i n g  a t r a i n ­
ing p e r i o d  (Fox e t  a l . ,  1973;  Get tm an,  e t  a l . ,  1976;  K nu t tgen  e t  a l . ,  
1973;  and P o l l o c k  e t  a l . ,  1976) .  These  s t u d i e s  a l s o  i n d i c a t e  t h a t  a e r o ­
b i c  t r a i n i n g  programs t h a t  a c h i e v e  t r a i n i n g  t h r e s h o l d  l e v e l s  o f  70 t o  
85% o f  APMHR g e n e r a l l y  show improved c a r d i o v a s c u l a r  f u n c t i o n .  P o l lo c k  
e t  a l . (1971)  o b s e r v e d  t h a t  t h e  most  n o t i c e a b l e  r e s p o n s e  t o  t r a i n i n g  was 
a d e c r e a s e  i n  h e a r t  r a t e  a t  r e s t  and d u r i n g  submaximum work in  m i d d l e -  
aged men f o l l o w i n g  t r a i n i n g .  These  c e n t r a l  c hanges  in  c a r d i o v a s c u l a r  
f u n c t i o n ,  t h e r e f o r e ,  a l l o w e d  t h e  j o g g e r s  t o  e x e r c i s e  c o n s i s t e n t l y  l o n g e r
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on t h e  c y c l e  e rg o m e te r  b e f o r e  r e a c h i n g  85% APMHR t h a n  t h e i r  u n t r a i n e d  
c o n t r o l s .
The t im e  t o  t a r g e t  c h a n g e s  among t h e  w e i g h t  t r a i n e r s  showed t h a t  a 
2.9% i n c r e a s e  (p < .05)  o c c u r r e d  a t  6 weeks (T a b le  9 ) .  Gettman e t  a l . 
( 1 9 7 8 ) ;  Nagle  and I rw in  ( 1 9 8 0 ) ;  and S tone  e t  a l . (1982)  have a l s o  r e ­
p o r t e d  improvement  in  c a r d i o v a s c u l a r  e n d u ra n c e  t im e  a f t e r  u s in g  w e ig h t  
t r a i n i n g  a s  a mode o f  t r a i n i n g .  I t  was a l s o  no ted  t h a t  a s i g n i f i c a n t  
d i f f e r e n c e  ( p  < .05)  o c c u r r e d  a f t e r  12 weeks when t h e  w e i g h t  t r a i n e r s  
and j o g g e r s  were compared .  T h i s  s u g g e s t s  t h a t  a l t h o u g h  improvements  
o c c u r r e d  in  b o th  g r o u p s ,  s p e c i f i c i t y  o f  t r a i n i n g  a f f o r d e d  t h e  j o g g e r s  a 
g r e a t e r  g a i n .  The u n d e r l y i n g  mechanism f o r  i n c r e a s e d  t im e  t o  t a r g e t  i s
T a b le  9
Time t o  T a r g e t  Values  in  Middle-Aged 
Men a t  0 ,  6 ,  and 12 Weeks
Time P e r io d
0 6 12
Group N Time, min
Weight 9 6 .5 3  + 0 . 9 4 6 . 7 2  + 0 . 8 5 6 .7 5  + 0 .6 1
J o g g e r s 11 6 . 3 0  + 1 .27 6 . 5 7  + 1 .2 0 6 .9 3  + 1 .1 2
C o n t r o l 13 6 .2 5  + 0 . 6 0 6 . 0 2  + 0 . 5 8 6 .2 3  + 0 .6 2
*p < .05  ( u s i n g  S i n g l e  Degree of  Freedom Comparisons 
a = j o g g e r s  vs c o n t r o l s *  (0 t o  6 weeks)  
b = w e i g h t  vs c o n t r o l s *  (0 t o  6 weeks)  
c = w e i g h t  vs j o g g e r s *  (0 t o  12 weeks) 
d = j o g g e r s  vs c o n t r o l s *  (0 t o  12 weeks)
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no t  c o m p l e t e l y  u n d e r s t o o d  in  t h e  w e ig h t  t r a i n i n g  g r o u p ,  a l t h o u g h  changes  
i n  c e n t r a l  c a r d i o v a s c u l a r  f u n c t i o n  a r e  one  o f  s e v e r a l  p o s s i b i l i t i e s .  I t  
h a s  a l s o  been  s u g g e s t e d  t h a t  a r e s i s t i v e  w e i g h t  t r a i n i n g  program may 
p ro d u ce  c h a n g e s  in  t h e  number or  p a t t e r n s  o f  motor  u n i t  r e c r u i t m e n t  
( W i l l i a m s ,  McEwen, W a t t e n s ,  G i l l e s p i e ,  and Boyd, 1 9 7 9 ) .  F i n a l l y ,  
c h a n g e s  in  body c o m p o s i t i o n ,  s p e c i f i c a l l y  l e a n  body w e i g h t ,  may d e c r e a s e  
t h e  amount o f  work on t h e  h e a r t  as  i n c r e a s e s  i n  m u sc l e  mass o c c u r .  Th i s  
would p ro d u ce  a more e f f i c i e n t  s y s t e m ,  t h e r e b y ,  r e d u c i n g  t h e  w ork load  on 
t h e  h e a r t  and a l l o w i n g  f o r  an i n c r e a s e d  t im e  t o  t a r g e t  ( S t e n b e r g ,  
A s t r a n d ,  Ekblom, Royce,  & S a l t  i n ,  1967 ) .
Body Com posi t ion
Weight  ,
The s i n g l e  d e g r e e  o f  f reedom c o m p a r i s o n s  r e v e a l e d  t h a t  no s i g n i f i ­
c a n t  d i f f e r e n c e s  in  body w e i g h t  o c c u r r e d  be tw een  t h e  g r o u p s  a c r o s s  t ime 
( T a b le  1 0 ) .  I t  s h o u ld  be no ted  t h a t  each  g roup  in  t h e  p r e s e n t  s t u d y  was 
asked  no t  t o  m od ify  t h e i r  d i e t s  d u r in g  t h e  d u r a t i o n  o f  t h e  s t u d y .
Get tman e t  a l . ( 1 9 7 8 ) ,  M i le s  i s  e t  a l . ( 1 9 7 6 ) ,  and T a y l o r  (1971)  a l s o  
found  t h a t  a e r o b i c  t r a i n i n g  programs do n o t h in g  t o  m o d i fy  body w e ig h t  of  
j o g g e r s .  S i m i l a r  p a t t e r n s  of  r e s p o n s e  were no ted  f o r  t h e  w e i g h t  t r a i n ­
e r s .  In g e n e r a l ,  w e i g h t  t r a i n i n g  has  been  shown t o  a f f e c t  t h i s  p a r t i c u ­
l a r  v a r i a b l e  v e r y  l i t t l e  (Get tman e t  a l . ,  1978;  Mayhew & G ro s s ,  1974;  
S to n e  e t  a l . ,  1982 ) .
Table 10
Mean Body Weight Values in  Middle-Aged
Men at 0, 6, and 12 Weeks
Weeks
0 6 12
Group N Body W eigh t ,  kg
Weight 9 8 5 .0  * 9 . 4 85 .7  + 9 .6 8 4 .8  + 9 .7
J o g g e r s 11 83 .7  + 1 0 .0 8 3 . 3  + 9 . 8 82 .5  + 1 0 .4
C o n t r o l s 13 83 .1  + 9 . 0 8 3 .1  + 9 .5 83 .2  + 9 .5
P e r c e n t  Body F a t
Both o f  t h e  e x p e r i m e n t a l  g r o u p s  show s i m i l a r  p a t t e r n s  o f  change  in 
p e r  c e n t  body f a t  ove r  t im e  ( T a b l e  1 1 ) .  The j o g g e r s  had a mean d e c r e a s e  
o f  3.3% (P < .05)  body f a t  a f t e r  12 weeks o f  t r a i n i n g ,  b u t  no s i g n i f i ­
c a n t  d i f f e r e n c e s  be tween  t h e  j o g g e r s  and c o n t r o l s  e x i s t e d  a f t e r  t h e  
f i r s t  6 weeks.  T h i s  i s  p r o b a b l y  a f u n c t i o n  o f  t h e  h i g h e r  i n t e n s i t y  and 
d u r a t i o n  d u r i n g  t h e  second s i x  weeks .  Byrd e t  a l . (1974)  a l s o  r e p o r t e d  
d e c r e a s e d  p e r  c e n t  body f a t  w i t h  l i t t l e  a l t e r a t i o n  in  body w e ig h t  in  
m i d d l e - a g e d  men who j o g g e d ,  r e i n f o r c i n g  t h e  f a v o r a b l e  e f f e c t  o f  e x e r c i s e  
on body c o m p o s i t i o n  w i t h o u t  a l o s s  o f  body w e i g h t .  Webster  e t  a l .
(1978)  r e p o r t e d  a mean d e c r e a s e  of  1.6% (p < .0 1 )  body f a t  in  j o g g e r s  
f o l l o w i n g  12 weeks o f  t r a i n i n g .  O the r  s t u d i e s  have r e p o r t e d  s i m i l a r  
r e s u l t s  a f t e r  a e r o b i c  t r a i n i n g  programs (Ge t tman  e t  a l . ,  1976;  M i l e s i s  
e t  a l . ,  1976; P o l lo c k  e t  a l . ,  1976 ) .
Table 11
Per Cent Body Fat Values in  Middle-Aged
Men a t 0, 6, and 12 Weeks
Weeks
0 6 12
Group N Body F a t ,  %




O 28 .9  + 4 . 3
J o g g e r s 11 31 .6  + 4 . 6 3 0 .4 + 4 . 8 2 8 .3  + 5 .4
C o n t r o l s 13 31 .4  + 5 .2 31 .1 + 4 .7 31 .5  + 4 . 9
*p < .05 ( u s i n g  S i n g l e  Degree o f  Freedom Com pari sons)  
a = j o g g e r s  vs  c o n t r o l s *  (6 t o  12 weeks)  
b = w e i g h t  vs c o n t r o l s *  (5 t o  12 weeks)  
c = j o g g e r s  vs  c o n t r o l s *  (0 t o  12 weeks)  
d = w e ig h t  vs c o n t r o l s *  (0 t o  12 weeks)
The w e i g h t  t r a i n i n g  a l s o  b r o u g h t  abou t  f a v o r a b l e  changes  in  pe r  
c e n t  body f a t  as  a mean d e c r e a s e  of  3.0% (p < .05)  was found a f t e r  12 
weeks .  G e n e r a l l y ,  t h i s  c o n c u r s  w i t h  o t h e r  w e i g h t  t r a i n i n g  s t u d i e s .
S to n e  e t  a l . (1982)  r e p o r t e d  a mean d e c r e a s e  o f  2.3% (p < .001)  body f a t  
i n  m i d d l e - a g e d  men a f t e r  w e i g h t  t r a i n i n g  f o r  12 weeks .  I t  i s  o f  a d d i ­
t i o n a l  i n t e r e s t  t o  n o t e  t h a t  t h i s  l a t t e r  s t u d y  was one o f  t h e  f i r s t  t o  
r e p o r t  s i m u l t a n e o u s  d e c r e a s e s  i n  b lood  l i p i d  l e v e l s  and pe r  c e n t  body 
f a t ,  w i t h  body w e ig h t  r e m a in i n g  c o n s t a n t .
F a t  Weight
Both o f  t h e  t r a i n i n g  g r o u p s  showed d e c re m e n t s  i n  f a t  w e i g h t .  The 
w e i g h t  t r a i n e r s  dropped from 2 6 .9  kg body f a t  i n i t i a l l y  t o  2 4 .5  kg f o l ­
lowing 12 weeks ( T a b le  1 2 ) .  The j o g g e r s  e x h i b i t e d  s i m i l a r  c hanges  (from
^5
Table 12
Fat Weight Values in  Middle-Aged
Men a t 0, 6, and 12 Weeks
Weeks
0 6 12
Group N F a t  W eigh t ,  kg
Weight 9 2 6 .9  + 4 . 6 26 .3  + 5 . 3 24 .5 1 4 *7
J o g g e r s 11 26 .7  + 6 . 0 25 .6  + 5 . 8 2 3 .8 1 6 ' 4
C o n t r o l s 13 2 6 .4  + 6 . 3 26 .1  + 6 .1 2 6 .8 + 6 . 3
*p < .05  ( u s i n g  S i n g l e  Degree o f  Freedom Compari sons)  
a * j o g g e r s  vs c o n t r o l s *  (6 t o  12 weeks )  
b = w e i g h t  vs c o n t r o l s *  (6 t o  12 weeks )  
c = j o g g e r s  vs c o n t r o l s *  (0 t o  12 weeks )  
d = w e i g h t  vs c o n t r o l s *  (0 t o  12 weeks)
26 .7  kg t o  2 3 .8 )  a t  s i m i l a r  t im e  p e r i o d s .  The s i n g l e  d e g r e e  o f  f reedom
c o m p a r i s o n s  i n d i c a t e d  t h a t  b o t h  g r o u p s  had s i g n i f i c a n t  d e c r e a s e s  (P < 
.05)  a f t e r  6 and a g a in  a f t e r  12 weeks o f  t r a i n i n g .  T h i s  i s  c o n s i s t e n t  
w i t h  t h e  cha n g es  no ted  in  p e r c e n t a g e  body f a t  p r e v i o u s l y  d i s c u s s e d .
O th e r  s t u d i e s  u s in g  a e r o b i c  t r a i n i n g  programs have found s i m i l a r  r e s u l t s  
(Ge t tman e t  a l . ,  1978;  M i l e s i s  e t  a l . ,  1976;  P o l lo c k  e t  a l . ,  1976; 
W ebs te r  e t  a l . ,  1 9 7 8 ) .  These  f i n d i n g s  a l s o  concur  w i th  o t h e r  w e ig h t  
t r a i n i n g  s t u d i e s  (Brown & Wilmore,  1974;  Fahey e t  a l . ,  1975;  Gettman e t
a l . ,  1978;  S tone  e t  a l . 1979) .
Lean Body Weight
Gradual  i n c r e m e n t s  in  l e a n  body w e i g h t  were n o t ed  in  t h e  w e ig h t  
t r a i n e r s  ( f rom  5 8 .1  t o  5 9 .5  t o  6 0 .3  kg) and j o g g e r s  ( f rom 5 7 .1  t o  57 .7  
t o  5 8 .7  kg) a c r o s s  t im e  ( T a b le  1 3 ) .  These c h a n g e s  were as  one migh t
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Table 13
Lean Body Weight  V a lues  i n  Middle-Aged 
Men a t  0 ,  6 ,  and 12 Weeks
Time P e r i o d
0 6 12
Group N Lean Body Weigh t ,  kg
Weight 9 58 .1  + 8 . 6 5 9 .5  + 7 .7 6 0 .3 + 7 .5
J o g g e r s 11 57 .1  + 6 . 2 5 7 .7  + 6 . 3 58 .7 + 6 . 2
C o n t r o l 13 56 .7  + 5 . 3 5 7 .1  + 5 .5 5 6 .2 + 5 .2
*p < .05  ( u s i n g  S i n g l e  Degree o f  Freedom Comparisons)  
a = j o g g e r s  vs c o n t r o l s *  (6 t o  12 weeks)  
b = j o g g e r s  vs c o n t r o l s *  (0 t o  12 weeks)  
c -  w e i g h t  vs c o n t r o l s *  (0 t o  12 weeks)
e x p e c t ,  e xam in ing  t h e  d e c r e a s e  in  body f a t  and t h e  r e l a t i v e l y  c o n s t a n t  
body w e i g h t .  A v a r i e t y  o f  a e r o b i c  t r a i n i n g  programs have shown f a v o r a ­
b l e  ch a n g es  i n  body c o m p o s i t i o n  ( d e c r e a s e  in  % body f a t  and i n c r e a s e  in 
l e a n  body w e i g h t )  ( M i l e s i s  e t  a l . ,  1976;  P o l lo c k  e t  a l . ,  1976;  Webste r  
e t  a l . ,  1 9 7 8 ) .  Although  t h e  p r e s e n t  s t u d y  a l s o  c o n c u r s  w i th  p r e v i o u s  
w e i g h t  t r a i n i n g  s t u d i e s  (Brown & Wilmore,  1974;  Fahey e t  a l . ,  1975;
Gettman e t  a l . ,  1978;  Wilmore,  1 9 7 4 ) ,  t h i s  p a r t i c u l a r  g roup  was a l i t t l e
o l d e r  ("X age = 44 y e a r s ) .  Thus,  t h e  m i d d l e - a g e d  m a l e ' s  a b i l i t y  t o  
r e s p o n d  f a v o r a b l y  t o  such a t r a i n i n g  program i s  e v i d e n t  even though  
a e r o b i c  e x e r c i s e  ( i . e . ,  j o g g i n g ,  swimming) r e c e i v e s  more w id e s p re a d  
a t t e n t i o n .
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S t r e n g t h
Bench P r e s s
The w e ig h t  t r a i n e r s  showed a 28% i n c r e a s e  (p  < .05)  a t  6 weeks and 
an a d d i t i o n a l  14.4% i n c r e a s e  (p < .05)  a f t e r  12 weeks o f  w e ig h t  t r a i n i n g  
( T a b le  1 4 ) .  These  r e s u l t s  were a s  e x p e c t e d  and in  d i r e c t  l i n e  w i t h  t h e  
c o n c e p t  o f  s p e c i f i c i t y  o f  t r a i n i n g  as  i n d i c a t e d  in  p r e v o u s  w e i g h t  t r a i n ­
ing s t u d i e s  ( B e r g e r ,  1962;  Fahey & Brown, 1973;  O 'S h e a ,  1966;  S tone  e t  
a l . ,  19 8 2 ) .  On t h e  o t h e r  hand ,  t h e  j o g g e r s  showed no change  in bench 
p r e s s  s t r e n g t h .  T h i s  was as  e x p e c t e d ,  s i n c e  no r e s i s t i v e - t y p e  work was 
i n c l u d e d  in  t h e i r  t r a i n i n g  p rogram .  However, t h e  c o n t r o l s '  improvement
T a b le  14
Bench P r e s s  Va lues  i n  Middle-Aged 
Men a t  0 ,  6 ,  and 12 Weeks
Weeks
0 6 12
Group N Bench P r e s s ,  kg
Weight 9 5 5 .3  + 1 1 .2 6 3 .3  + 11 .5 7 1 .5  + 1 3 .0
J o g g e r s 11 52 .7  + 10 .6 5 1 .8  + 1 1 .1 5 2 .3  + 11 .5
C o n t r o l s 13 6 2 .9  + 1 3 .9 6 4 . 8  + 1 3 .4 6 6 .8  + 12 .9
*p < .05  ( u s i n g  S i n g l e  Degree o f  Freedom Comparisons)  
a = w e i g h t  vs  j o g g e r s *  (0 t o  6 weeks)  
b = w e ig h t  vs  c o n t r o l s *  (0 t o  6 weeks)  
c = w e ig h t  vs j o g g e r s *  (6 t o  12 weeks)  
d = w e ig h t  vs  c o n t r o l s *  (6 t o  12 weeks)  
e = w e ig h t  vs  j o g g e r s *  (0 t o  12 weeks)  
f  = j o g g e r s  vs c o n t r o l s *  (0 t o  12 weeks)  
g 3 w e ig h t  vs  c o n t r o l s *  (0 t o  12 weeks)
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o v e r  t h e  12 weeks was s i g n i f i c a n t l y  (P < .05)  s u p e r i o r  t o  t h e  p e r f o r m ­
a nce  of  t h e  j o g g e r s .  T h e re  i s  no good e x p l a n a t i o n  f o r  t h i s  p a r t i c u l a r  
d i f f e r e n c e .
Squa t
The w e i g h t  t r a i n e r s  showed l a r g e  i n c r e m e n t s  o f  change  (from 138 .9  
kg t o  16 7 .8  t o  196 .8  kg) d u r i n g  t h e  t r a i n i n g  p e r i o d  ( T a b le  1 5 ) .  The 
s i n g l e  d e g r e e  o f  f reedom c o m p a r i s o n s  i n d i c a t e  t h a t  s i g n i f i c a n t  d i f f e r ­
e n c e s  (p  < .05)  e x i s t  a t  6 and 12 weeks of  t r a i n i n g  when compared t o  t h e  
o t h e r  g r o u p s .  These c h a n g e s  in  s t r e n g t h  f o l l o w i n g  a r e s i s t i v e  w e i g h t  
t r a i n i n g  program were a s  e x p e c t e d  and have g e n e r a l l y  been r e p o r t e d  by 
o t h e r s .  I t  i s  a l s o  n o t e w o r t h y  t h a t  t h e  ch a n g es  in  m u sc u la r  s t r e n g t h  a r e  
s u p p o r t e d  by t h e  i n c r e a s e s  i n  l e a n  body w e ig h t  as p r e v i o u s l y  d i s c u s s e d .  
Thus ,  t h e  w e i g h t  t r a i n i n g  program and a s s o c i a t e d  a d a p t a t i o n s  t h a t  f o l l o w  
r e s u l t e d  n o t  o n l y  in  an i n c r e a s e d  m usc le  mass ,  b u t  in  l a r g e  i n c r e m e n t s  
o f  m u s c u la r  s t r e n g t h .  I t  i s  o f  s p e c i a l  i n t e r e s t  t o  n o t e  t h a t  t h e  i n ­
c r e a s e s  i n  l e a n  body w e i g h t  in  t h e  j o g g i n g  g roup  d id  n o t  r e s u l t  in i n ­
c r e a s e s  i n  s t r e n g t h .  T h i s  l ac k  o f  change  may s u g g e s t  t h a t  q u a l i t a t i v e  
c h a n g e s  o c c u r r e d .  S e ve ra l  s t u d i e s  have s u g g e s t e d  t h a t  t h e s e  c h a n g e s  may 
be r e l a t e d  t o  b i o c h e m ic a l  cha n g es  in  t h e  s k e l e t a l  m usc le  (B a ld w in ,  
M a r t i n e z ,  C h e a d le ,  1976;  B e l c a s t r o ,  Wenger, N i h e l ,  S e c o r d ,  Bowen, 1980} 
o r  t o  c hanges  in  t h e  c e n t r a l  n e rv o u s  sys tem which may e l i c i t  d i f f e r e n t  
m o to r  u n i t  r e c r u i t m e n t  p a t t e r n s  ( W i l l i a m s  e t  a l . ,  19 7 9 ) .  T h i s  in  e f f e c t  
would n e g a t e  t h e  e f f e c t  o f  i n c r e a s e d  l e a n  body mass on s t r e n g t h  and 
power in  t h e  r u n n i n g  g roup .  However , t h e  b e n e f i t s  o f  r e g u l a r  r e s i s t i v e  
t y p e  t r a i n i n g  among t h i s  age group a r e  not  be t o  be o v e r l o o k e d  as
^9
o p t im a l  l e v e l s  o f  m u s c u la r  s t r e n g t h  and e n d u r a n c e  p l a y  a v i t a l  r o l e  in  
d a i l y  and p h y s i c a l  a c t i v i t i e s .
T a b le  15
Squa t  Weight  V a lues  i n  Middle-Aged 
Men a t  0 ,  6 ,  and 12 Weeks
Weeks
0 6 12
Group N Squat  W eig h t ,  kg
Weight 9 13 8 .9  + 4 0 . 9 16 7 .8  + 5 5 .0 196 .8  + 55 .4
J o g g e r s 11 120 .7  + 3 3 .3 121 .6  + 3 1 .8 120 .9  + 3 1 .4
C o n t r o l s 13 132 .3  2 2 .4 13 0 .8  + 2 7 .5 13 3 .4  + 2 6 .2
*p < .05  ( u s i n g  S i n g l e  Degree o f  Freedom Compari sons)  
a = w e ig h t  vs j o g g e r s *  (0 t o  6 weeks)  
b = w e ig h t  vs c o n t r o l *  (0 t o  6 weeks)  
c = w e ig h t  vs j o g g e r *  (6 t o  12 weeks)  
d = w e i g h t  vs  c o n t r o l *  (5 t o  12 weeks)  
fe = w e ig h t  vs j o g g e r *  (0 t o  12 weeks)  
f  = w e ig h t  vs c o n t r o l *  (0 t o  12 weeks)
Summary and C o n c lu s ion
The d a t a  d e m o n s t r a t e d  t h a t  bo th  w e ig h t  t r a i n i n g  and j o g g i n g  were e f f e c t ­
i v e  in  m od i fy in g  p h y s i o l o g i c a l  f u n c t i o n  in  s e d e n t a r y  m id d l e - a g e d  men 
f o l l o w i n g  a 12 week t r a i n i n g  p e r i o d .  More s p e c i f i c a l l y ,  t h i s  s tu d y  r e p o r t s  
f a v o r a b l e  changes  i n  b lood  l i p i d  l e v e l s ,  c a r d i o v a s c u l a r  f u n c t i o n ,  and body 
c o m p o s i t i o n  in  w e ig h t  t r a i n e r s ,  which in  most  c a s e s  have on ly  been r e p o r t e d  in 
e n d u ra n c e  t r a i n e d  g r o u p s .  A summary o f  t h e s e  f i n d i n g s  a r e  as  f o l l o w s :
1. While t h e  r e s u l t s  show t h a t  no s i g n i f i c a n t  change oc c u re d  in t o t a l
plasma c h o l e s t e r o l  f o r  e i t h e r  t r a i n i n g  g ro u p ,  t h e  HDL/C and t h e  TC/ 
HDL-C d i d  show s i g n i f i c a n t  c h a n g e s .  These changes  o c c u r r e d  d u r in g  t h e  
h i g h e s t  volume t r a i n i n g  p e r i o d  in  bo th  e x p e r i m e n t a l  g r o u p s .  Th is  
l e a d s  t o  t h e  c o n c l u s i o n  t h a t  bo th  forms o f  t r a i n i n g  may f a v o r a b l y  
a l t e r  b lood  l i p i d  l e v e l s  and s u g g e s t  a r e d u c t i o n  in  r i s k  f o r  CAD.
2.  In t h r e e  o f  t h e  f i v e  hormones s t u d i e d  t h e r e  was no change  n o t e d .  
P o s t - t r a i n i n g  e s t r a d i o l  l e v e l s  were lower in  t h e  w e ig h t  t r a i n i n g  
g r o u p ,  w h i l e  FSH was reduced  in  t h e  j o g g e r s .  Changes were d i f f i c u l t  
t o  i n t e r p r e t  a s  ve ry  l i t t l e  r e l a t e d  r e s e a r c h  i s  a v a i l a b l e .  The r o l e
o f  FSH i n  m ale s  i s  u n c l e a r ,  b u t  lower  l e v e l s  o f  FSH a r e  a p p a r e n t l y
r e l a t e d  t o  lower  i n c i d e n c e  o f  CAD.
3 .  C a r d i o v a s c u l a r  f u n c t i o n ,  r e f l e c t e d  in i n c r e a s e s  in  t im e  t o  t a r g e t  
h e a r t  r a t e ,  improved in  bo th  e x p e r im e n ta l  g r o u p s .  The l a r g e s t  change 
o c c u r r e d  in  t h e  j o g g i n g  g ro u p .  While  i t  i s  commonly a c c e p t e d  t h a t  
e n d u ra n c e  t r a i n i n g  improves  t h i s  v a r i a b l e ,  t h e  v a lu e  o f  w e igh t  
t r a i n i n g  in  f a v o r a b l e  a l t e r i n g  c a r d i o v a s c u l a r  f u n c t i o n  i s  no t  so wel l  
u n d e r s t o o d  o r  a c c e p t e d .  I n t e r p r e t a t i o n  o f  t h e s e  r e s u l t s  l e a d s  t o  t h e
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c o n c l u s i o n  t h a t  w e ig h t  t r a i n i n g  o f f e r s  a component  which enhances  
c a r d i o v a s c u l a r  f i t n e s s .
4 .  Comparisons between t h e  e x p e r i m e n t a l  g roups  show t h a t  c o n s t a n t  
body w e i g h t ,  d e c r e a s e s  i n  p e r c e n t  f a t  and f a t  w e i g h t ,  and i n c r e a s e s  
i n  LBW were s i m i l a r .  These changes  l e a d  t o  t h e  c o n c l u s i o n  t h a t  h ig h  
i n t e n s i t y  a e r o b i c  and a n a e r o b i c  work may f a v o r a b l y  a l t e r  body compos i ­
t i o n  in  m id d l e - a g e d  men.
5.  The e x p e r i m e n t s  show t h a t  s t r e n g t h  g a in s  o c c u r r e d  in  t h e  w e ig h t  t r a i n ­
in g  g ro u p .  No changes  in  s t r e n g t h  were found in  t h e  endu rance  
t r a i n e d  g roup .
In c o n c l u s i o n ,  f o r  t h i s  sample o f  m id d l e - a g e d  m a l e s ,  many o f  t h e  p h y s i o ­
l o g i c a l  b e n e f i t s  t h a t  a r e  g e n e r a l l y  e x p e c t e d  t o  a c c r u e  from an e n d u ra n c e  
t r a i n i n g  program may a l s o  be d e r i v e d  from a w e igh t  t r a i n i n g  program. Some 
s p e c i f i c i t y  o f  t r a i n i n g  r e s p o n s e  was c l e a r ,  p a r t i c u l a r l y  in  s t r e n g t h  g a i n s  and 
i n  e x t e n t  o f  o t h e r  a d a p t a t i o n s .  However , t h e r e  was an obv ious  t e n d e n c y  tow a rd  
more g e n e r a l i z e d  a d a p t a t i o n s  t o  t h e  t r a i n i n g  s t i m u l i .  Th is  migh t  be a f u n c t i o n  
o f  t h e  age o r  t h e  i n i t i a l  d e g r e e  o f  d e c o n d i t i o n i n g  o f  t h e  s u b j e c t s ;  w h a t e v e r  
t h e  e x p l a n a t i o n ,  i t  i s  i m p o r t a n t  t o  r e c o g n i z e  t h e  l i m i t a t i o n s  o f  t h e  c o n c e p t  
o f  s p e c i f i c i t y  o f  t r a i n i n g  r e s p o n s e .
APPENDIX A
T a b le  A- l
S ing le  Degree o f Freedom Comparisons fo r  the Total Plasma
C holestero l Concentration a t 0, 6, and 12 weeks
Time (weeks )  Comparison PR > F
0 - 6 w e i g h t  vs j o g g e r 0 .1 8 0 0
0 - 6 j o g g e r  vs c o n t r o l 0 .2 3 7 3
0 - 6 w e i g h t  vs c o n t r o l 0 .0 139
6 -1 2 w e i g h t  vs j o g g e r 0 .3 2 0 1
6 -12 j o g g e r  vs c o n t r o l 0 .5 2 2 8
6-12 w e i g h t  vs c o n t r o l 0 .6 6 7 3
0 -12 w e i g h t  vs j o g g e r 0 .7 2 4 8
0 - 1 2 j o g g e r  vs  c o n t r o l 0 .0 7 1 3
0-12 w e i g h t  vs c o n t r o l 0 .0 3 9 8
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Table A-2
S ingle Degree o f Freedom Comparisons fo r  the HDL-C
Concentration a t 0, 6, and 12 weeks
Time (weeks)  Comparison PR > F
0 -6 w e i g h t  vs j o g g e r 0 .2 4 4 5
0 -6 j o g g e r  vs c o n t r o l 0 .9 8 5 0
0-6 w e i g h t  vs c o n t r o l 0 .2 347
6-12 w e i g h t  vs j o g g e r 0 .0 895
6-12 j o g g e r  vs c o n t r o l 0 .0 0 8 8
6-12 w e i g h t  vs c o n t r o l 0 .4 4 4 4
0-12  ’ w e i g h t  vs j o g g e r 0 .5 8 4 0
0-12 j o g g e r  vs c o n t r o l 0 .0093
0-12 w e i g h t  vs c o n t r o l 0 .0 5 3 4
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Table A-3
Single Degree o f Freedom Comparisons fo r  the
Testosterone Concentration a t 0, 6, and 12 Weeks
Time (weeks)  Comparison PR > F
0 - 6  w e i g h t  vs  j o g g e r  0 .7442
0 - 6  j o g g e r  vs  c o n t r o l  0 .9763
0 - 6  w e i g h t  vs  c o n t r o l  0 .7 1 4 2
6 -1 2  w e ig h t  vs j o g g e r  0 .7269
6-12  j o g g e r  vs c o n t r o l  0 .8 0 5 6
6 -1 2  w e i g h t  vs c o n t r o l  0 .5526
0 - 1 2  w e i g h t  vs j o g g e r  0 .9816
0 - 1 2  j o g g e r  vs  c o n t r o l  0 .8 2 8 7
0-12  w e i g h t  vs  c o n t r o l  0 .8194
56
Table A-4
S ingle Degree o f Freedom Comparisons fo r  the Lu teo trop ic
Hormone Concentration a t 0, 6, and 12 Weeks
! (weeks) Comparison PR > F
0 - 6 w e ig h t  vs j o g g e r 0 .8 884
0-6 j o g g e r  vs c o n t r o l 0 .7 225
0 - 6 w e i g h t  vs c o n t r o l 0 .6 3 0 8
6-12 w e i g h t  vs j o g g e r 0 .3167
6 - 1 2 j o g g e r  vs c o n t r o l 0 .9 011
6 -12 w e ig h t  vs c o n t r o l 0 .3 5 6 8
0 - 1 2 w e ig h t  vs j o g g e r 0 .3 8 8 4
0 - 1 2 j o g g e r  vs c o n t r o l 0 .6 319
0 - 1 2 w e i g h t  vs c o n t r o l 0 .6 5 7 5
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Table A-5
S ingle Degree o f Freedom Comparisons fo r  the E s trad ia l
Concentrations a t 0, 6, and 12 Weeks
Time {weeks)  Comparison PR > F
0 -6 w e i g h t vs j o g g e r 0 .7 1 4 7
0 - 6 j o g g e r vs c o n t r o l 0 .3 7 5 9
0 - 6 w e ig h t vs c o n t r o l 0 .2 2 5 9
6-12 w e i g h t  vs j o g g e r 0 .2 0 8 5
6-12 j o g g e r vs c o n t r o l 0 .6436
6 -12 w e i g h t  vs c o n t r o l 0 .3 832
0 -1 2 w e i g h t vs j o g g e r 0 .1 0 6 5
0-12 j o g g e r vs c o n t r o l 0 .6 7 0 9
0 - 1 2 w e ig h t vs c o n t r o l 0 .0398*
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Table A-6
S ingle Degree o f Freedom Comparisons fo r  the
F o l l ic le  S tim u la ting  Hormone Concentration
a t 0, 6, and 12 Weeks
Time (weeks) Comparison PR > F
0 - 6 w e i g h t  vs j o g g e r 0 .2067
0 - 6 j o g g e r  vs c o n t r o l 0 .7 401
0 - 6 w e i g h t  vs c o n t r o l 0 .3 173
6-12 w e i g h t  vs j o g g e r 0 .4 134
6 -12 j o g g e r  vs c o n t r o l 0 .4 814
6-12 w e i g h t  vs c o n t r o l 0 .8 542
0-12 w e i g h t  vs j o g g e r 0 .0 399
0 -12 j o g g e r  vs c o n t r o l 0 .3 018
0-12 w e ig h t  vs c o n t r o l 0 .2 376
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Table A-7
S ingle Degree o f Freedom Comparisons fo r  the D ihydrotestosterone
Concentrations a t 0, 6, and 12 Weeks
Time (weeks )  Comparison PR > F
0 - 6 w e i g h t  vs j o g g e r 0 .2 5 4 2
0 - 6 j o g g e r  vs c o n t r o l 0 .1 4 2 3
0 -6 w e i g h t  vs c o n t r o l 0 .8 331
6-12 w e i g h t  vs j o g g e r 0.8682
6-12 j o g g e r  vs  c o n t r o l 0 .5 0 6 6
6-12 w e i g h t  vs  c o n t r o l 0 .6 4 8 2
0 -1 2 w e i g h t  vs  j o g g e r 0 .3 2 8 8
0 -1 2 j o g g e r  vs  c o n t r o l 0 .4 161
0 -12 w e i g h t  vs  c o n t r o l 0 .8 0 5 8
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Table A-8
S ingle Degree o f Freedom Comparisons fo r  Time to  Target
Values a t 0, 6, and 12 Weeks
Time (weeks )  Comparison PR > F
0 - 6 w e i g h t  vs  j o g g e r 0 .6782
0 - 6 j o g g e r  vs  c o n t r o l 0 .0 046
0 -6 w e i g h t  vs  c o n t r o l 0 .0 222
6-12 w e i g h t  vs j o g g e r 0 .0 787
6-12 j o g g e r  vs c o n t r o l 0 .3 776
6-12 w e i g h t  vs c o n t r o l 0 .3 1 4 4
0 -1 2 w e ig h t  vs j o g g e r 0 .0 312
0 -1 2 j o g g e r  vs c o n t r o l 0 .0 0 0 3
0 -1 2 w e i g h t  vs  c o n t r o l 0 .1 8 7 5
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Table A-9
S ingle Degree o f Freedom Comparisons fo r  the Body
Weight a t 0, 6, and 12 Weeks
Time (weeks)  Comparison PR > F
0 - 6 w e i g h t  vs j o g g e r 0 .1 3 5 9
0 - 6 j o g g e r  vs c o n t r o l 0 .4992
0-6 w e ig h t '  vs c o n t r o l 0 .3590
6-12 w e ig h t  vs j o g g e r 0 .8383
6-12 j o g g e r  vs c o n t r o l 0 .3106
6-12 w e i g h t  vs c o n t r o l 0 .2 4 3 2
0 -12 w e ig h t  vs j o g g e r 0 .1964
0 -12 j o g g e r  vs c o n t r o l 0 .0938
0 -12 w e ig h t  vs c o n t r o l 0 .8001
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Table A-10
S ingle Degree o f Freedom Comparisons fo r  Per Cent
Body Fat a t 0, 6, and 12 Weeks
! (weeks) Comparison PR > F
0 - 6 w e i g h t  vs j o g g e r 0 .8 721
0 - 6 j o g g e r  vs c o n t r o l 0.3217
0 - 6 w e i g h t  vs c o n t r o l 0 .2 707
6-12 w e i g h t  vs j o g g e r 0 .6 0 6 4
6-12 j o g g e r  vs c o n t r o l 0 .0 0 4 0
6-12 w e i g h t  vs c o n t r o l 0 .0 255
0-12 w e i g h t  vs j o g g e r 0 .7229
0-12. j o g g e r  vs c o n t r o l 0 .0002
0 -12 w e i g h t  vs c o n t r o l 0 .0 012
63
Table A - l l
S ingle  Degree o f Freedom Comparisons fo r  Fat Weight
a t 0, 6, and 12 Weeks
Time (weeks)  Comparison PR > F
0 - 6 w e i g h t  vs j o g g e r 0.5317
0 - 6 j o g g e r vs c o n t r o l 0.2949
0 - 6 w e ig h t vs c o n t r o l 0 .7 3 0 3
6 -12 w e ig h t vs j o g g e r 0 .9762
6 -12 j o g g e r vs c o n t r o l 0 .0021
6-12 w e ig h t vs c o n t r o l 0 .0 0 3 2
0 -12 w e ig h t vs j o g g e r 0 .5 514
0 - 1 2 j o g g e r vs c o n t r o l 0 .0 001
0 - 1 2 w e ig h t vs c o n t r o l 0 .0011
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Table A-12
S ingle Degree o f Freedom Comparisons fo r  Lean Body
Weight a t 0, 6, and 12 Weeks
Time (weeks)  Comparison PR > F
0 -6 w e i g h t  vs j o g g e r 0 .4400
0-6 j o g g e r  vs c o n t r o l 0 .7 5 5 6
0 - 6 w e i g h t  vs c o n t r o l 0 .2752
6-12 w e i g h t  vs j o g g e r 0 .8576
6-12 j o g g e r  vs  c o n t r o l 0 .0 3 2 2
6-12 w e i g h t  vs c o n t r o l 0 .0 6 4 3
0-12 w e i g h t  vs j o g g e r 0 .5526
0-12 j o g g e r  vs c o n t r o l 0 .0 1 5 0
0 -12 w e ig h t  vs c o n t r o l 0 .0 0 4 1
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Table A-13
S ingle Degree o f Freedom Comparisons fo r  Bench
Press a t 0 , 6, and 12 Weeks
Time (weeks)  Comparison PR > F
0 - 6 w e i g h t  vs j o g g e r 0 .0001
0 - 6 j o g g e r  vs  c o n t r o l 0 .0 3 2 3
0 - 6 w e i g h t  vs  c o n t r o l 0 .0001
6-12 w e ig h t  vs  j o g g e r 0 .0001
6-12 j o g g e r  vs  c o n t r o l 0 .2 2 2 0
6-12 w e i g h t  vs  c o n t r o l 0 .0001
0-12 w e i g h t  vs  j o g g e r 0 .0001
0-12 j o g g e r  vs c o n t r o l 0 .0011
0-12 w e ig h t  vs c o n t r o l 0 .0001
66
Table A-14
S ingle Degree o f Freedom Comparisons fo r  Squat
a t 0, 6, and 12 Weeks
Time (weeks)  Comparison PR > F
0 - 6  w e i g h t  vs j o g g e r  0 .0001
0 - 6  j o g g e r  vs c o n t r o l  0 .6442
0 - 6  w e i g h t  vs c o n t r o l  0 .0001
6 -1 2  w e ig h t  vs j o g g e r  0 .0001
6-12  j o g g e r  vs c o n t r o l  0 .5293
6-12  w e i g h t  vs  c o n t r o l  0 .0 001
0-12  w e ig h t  vs  j o g g e r  0 .0001
0-12  j o g g e r  vs c o n t r o l  0 . 8 6 6 8
0-12  w e ig h t  vs c o n t r o l  0 .0 0 0 1
APPENDIX B 
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Warm-Up E x e r c i s e s  f o r  J o g g e r s
1.  Slow o n e - l a p  walk around t h e  t r a c k  w i th  n e c k ,  arm,  t r u n k ,  and leg
work.
2 .  S t a n d i n g :
a .  S id e  s t r a d d l e  s t r e t c h .  S t r e t c h e s  l a t i s s i m u s  d o r s i ,  p e c t o r a l i s  
m a j o r ,  t e r e s  m a j o r ,  t r i c e p s  b r a c h i i ,  and leg  a d d u c t o r s  ( a d d u c t o r  
l o n g u s ,  a d d u c t o r  b r e v i s ,  a d d u c to r  magnus,  g r a c i l i s ) .
b .  F lexed  quads  a n d /o r  f e n c e r ' s  s t r e t c h .  S t r e t c h e s  q u a d ra c e p s  
( r e c t u s  f e m o r i s ,  v a s t u s  media l  i s ,  v a s t u s  l a t e r a l i s ,  v a s t u s  i n -  
t e r m e d i u s ) .
3 .  S u p i n e - S i t t i n g :
a .  S u p i n e - - r e l a x .
b .  Bent  knee s i t - u p s  ( 1 0 ) .  ( I m p o r t a n t :  Curl  each  v e r t e b r a e ,
c e p h a l a d  t o  c a u d a d ,  a s  one goes  from s u p i n e  t o  s i t t i n g .  Slowly 
e x h a l e  when coming u p . )  The arm p o s i t i o n  f o r  t h e  b e g i n n e r  w i l l  
p r o g r e s s  f rom arms e x te n d e d  above h e a d ,  arms in  f r o n t ,  arms on 
c h e s t ,  and arms be h in d  t h e  h e a d .  T h i s  e x e r c i s e  improves  abdomi­
na l  w a l l  s t r e n g t h  ( r e c t u s  a b d o m in i s ,  i n t e r n a l  o b l i q u e ,  e x t e r n a l  
o b l i q u e )  and s t r e t c h e s  t h e  e x t e n s o r  m u sc l e s  ( m u l t i f i d u s ,  e r e c t o r  
s p i n a e ,  i l i o c o s t a l  i s  lumborum) o f  t h e  lower  b a c k .
c .  Leg a d d u c t o r s  s t r e t c h  ( I n d i a n  s i t ) .  S t r e t c h e s  g r a c i l i s ,  adduc­
t o r  l o n g u s ,  a d d u c t o r  b r e v i s ,  a d d u c to r  magnus,  i n t e r n a l  h i p  r o t a ­
t o r s  ( g l u t e u s  m ed ius ,  g l u t e u s  m in im u s ) .
d .  S o l e u s  s t r e t c h .  D o r s i f l e x  f o o t  w h i l e  s i t t i n g  w i t h  k ne e s  f l e x e d .
e .  Ankle c i r c l e s .  360 d e g r e e  media l  and l a t e r a l  r o t a t i o n  ( d o r s i ­
f l e x ,  i n v e r t ,  p l a n t a r  f l e x ,  e v e r t )  w i t h  f u l l  knee e x t e n s i o n  
w h i l e  s i t t i n g .  S t r e t c h e s  m u s c l e s  o f  t h e  p o s t e r i o r  ( g a s t r o c n e ­
m iu s ,  s o l e u s ) ,  l a t e r a l  ( p e r o n e u s  l o n g u s  and b r e v i s ) ,  a n t e r i o r  
( t i b i a l i s  a n t e r i o r ) ,  and media l  ( t i b i a l i s  p o s t e r i o r )  c o m p a r t ­
m en t s  of  t h e  l e g .
f .  G a s t ro c n e m iu s  s t r e t c h .  D o r s i f l e x  t h e  f o o t  w h i l e  s i t t i n g  w i th  
f u l l  knee e x t e n s i o n .
g .  T i b i a l i s  a n t e r i o r  s t r e t c h .  P l a n t a r  f l e x  t h e  f o o t  w h i l e  s i t t i n g  
w i t h  f u l l  knee e x t e n s i o n .  E x e r c i s e s  "g"  and "h" s h o u ld  be done 
s l o w l y  and a l t e r n a t e l y .  These two e x e r c i s e s  w i l l  s t r e t c h  t h e  
m u s c l e s  o f  t h e  a n t e r i o r  and p o s t e r i o r  com par tm en ts  o f  t h e  leg  
and h e l p  t o  a l l e v i a t e  s h i n  s p l i n t  p ro b le m s .
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h.  Hamstr ing  s t r e t c h  ( t h r e e - p o s i t i o n  bend and s t r e t c h ) .  T h i s  exe r  
c i s e  i s  done in  t h e  s i t t i n g  p o s i t i o n  w i t h  t h e  knee f u l l y  e x ­
t e n d e d .  F lex  t h e  v e r t e b r a l  column w i th  t h e  head p o i n t e d  toward  
t h e  knee and t h e  arms e x t e n d e d  toward  t h e  s h i n  and a n k l e .  
S t r e t c h e s  t h e  h a m s t r i n g s  ( b i c e p s  f e m o r i s ,  s e m i t e n d i n o s u s ,  s em i ­
membranosus)  and t h e  uppe r  and lower  e x t e n s o r  back m u s c l e s .
i .  Knees t o  c h e s t  ( a l t e r n a t e  l e f t  and r i g h t ) .  S t r e t c h e s  t h e  g l u ­
t e u s  maximus and lower  back e x t e n s o r s .
During  t h e  warm-ups ,  a l l  s u b j e c t s  must  and w i l l  a d h e re  t o  t h e  s low 
s t r e t c h  b u t  n o t  s t r a i n  p r i n c i p l e  w h i l e  s t r e t c h i n g .  V a l s a l v a  ( f o r c e d  
e x h a l a t i o n  a g a i n s t  a c l o s e d  g l o t t i s )  w i l l  be e l i m i n a t e d  by hav in g  t h e  
s u b j e c t  s l o w ly  e x h a l e  w i th  an open g l o t t i s .
APPENDIX C
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E x e r c i s e  P r e s c r i p t i o n  G u i d e l i n e s  f o r  J o g g e r s
Each s u b j e c t  w i l l  i n i t i a l l y  work a t  b o u t s  o f  low and m o d e r a te  i n ­
t e n s i t i e s  u s i n g  i n t e r m i t t e n t  w a lk in g  and j o g g i n g .  The f o l l o w i n g  g u i d e -  
1 i n e s  w i l l  be used :
Week I n t e n s i t y  (% APMHR) Pur a t  ion (min)
1-3  70 -75  25
4 - 6  75 -80  30
7-12  80-85  35
The p r o t o c o l  f o r  r e c o r d i n g  t h e  HR d u r i n g  t h e  p h y s i c a l  t r a i n i n g  
s e s s i o n  w i l l  be as  f o l l o w s :
Week HR Recorded
1-3  Every 1 / 6  m i l e  (2  l a p s )
4 - 6  Every 1 /4  m i l e  (3  l a p s )
7 -12  Every 1 /2  m i l e  (6 l a p s )
APPENDIX D 
Weight  T r a i n i n g  Workout S c h e d u le
72
73
Weight T r a i n i n g  Workout  S c h e d u le
Workout  S c h e d u le  a
Monday & F r i d a y  Wednesday
1. 1 /2  s q u a t s 3 x 10 1. P u l l s  ( t h i g h ) 3 x 10
2. Pul Is  ( k n ee ) 3 x 10 2. SLDL 1 x 10
3 . Leg e x t e n s i o n s 1 x 10 3. Hyper e x t e n s i o n s 3 x 10
4 . Leg c u r l s 3 x 10 4 . L a t e r a l  r a i s e s 3 x 10
5. Bench p r e s s 3 x 10 5. Behind neck p r e s s 3 x 10
6 . Si t u p s 3 x 10 6 . S i t u p s 3 x 10
1 s t  day -  1 s e t  (heavy)  on a l l e x e r c i s e s ,  b e g in  a t  60% max s q u a t
and BP 
2nd day -  2 s e t s  
3 rd  day  -  3 s e t s
Workout S c h e d u le  ^
Monday & F r i d a y  Wednesday
1 . 1 /2  S q u a t s 3 X 5 (1 x 10) 1 . P u l l s  ( t h i g h ) 3 X 5
2 . Cleans 3 X 5 2. Power Sna tch 3 X 5
3 . Leg e x t e n s i o n s 1 X 5 3. SLDL 1 X 10
4 . Leg c u r l s 3 X 5 4. H y p e r e x te n s io n s 3 X 5
5 . Bench p r e s s 3 X 5 (1 x 10) 5. L a t e r a l  r a i s e s 3 X 5
6 . S i t u p s 3 X 10 6. Behind neck p r e s s 3 X 5
7 . S i t u p s 3 X 10
aWorkout  s c h e d u l e  f o r  0 t o  6 weeks 






In o r d e r  t o  h e l p  i n v e s t i g a t e  t h e  e f f e c t i v e n e s s  of  a 12-week w e ig h t  
t r a i n i n g  program on m o d i f i c a t i o n  o f  s e l e c t e d  c a r d i o v a s c u l a r  r i s k  f a c ­
t o r s ,  I h e r e b y  c o n s e n t  t o  v o l u n t a r i l y  a c t  as  a r e s e a r c h  s u b j e c t .  T h i s  
e n t a i l s  p a r t i c i p a t i o n  i n  12 weeks o f  t r a i n i n g  as  w e l l  a s  a s s o c i a t e d  
t e s t i n g ,  b o t h  o f  which a r e  d e s c r i b e d  in  t h i s  document .
T e s t i n g
E x e r c i s e  T e s t
T h i s  t e s t  which I w i l l  pe r fo rm  w i l l  be on a c y c l e  e r g o m e t e r .  The 
work i n t e n s i t y  and e f f o r t  r e q u i r e d  w i l l  be p r o g r e s s i v e l y  and g r a d u a l l y  
i n c r e a s e d  u n t i l :  (1 )  my h e a r t  r a t e  h a s  r e a c h e d  85% o f  p r e d i c t e d  m ax i ­
mum; (2 )  t h e  i n v e s t i g a t o r s  deem i t  a d v i s a b l e  t o  s t o p  f o r  o t h e r  r e a s o n s ;  
o r  (3 )  I d e c i d e ,  f o r  any r e a s o n ,  I w ish  t o  s t o p .
During t h e  t e s t ,  a t r a i n e d  e x e r c i s e  p h y s i o l o g i s t  w i l l  m o n i t o r  my 
p u l s e ,  b l o o d  p r e s s u r e ,  and e l e c t r o c a r d i o g r a m .  T h e re  e x i s t s  t h e  p o s s i ­
b i l i t y  o f  abnormal  p h y s i o l o g i c  r e s p o n s e s  i n  h e a r t  r a t e ,  b l o o d  p r e s s u r e ,  
e l e c t r o c a r d i o g r a p h i c  t r a c i n g s ,  and v e r y  r a r e  i n s t a n c e s  o f  h e a r t  a t t a c k .  
Every e f f o r t  w i l l  be made t o  m in imize  t h e  o c c u r r e n c e  o f  any such changes  
by p r e l i m i n a r y  e v a l u a t i o n s  o f  r e s t i n g  c a r d i o v a s c u l a r  d a t a  and o f  h e a l t h  
and a c t i v i t y  q u e s t i o n n a i r e s .  Emergency equ ipm en t  and t r a i n e d  p e r s o n n e l  
a r e  a v a i l a b l e  t o  de a l  w i t h  unusua l  s i t u a t i o n s  t h a t  may a r i s e .
A b e n e f i t  o f  such a t e s t  i s  t h a t  i t  e s t a b l i s h e s  t h e  s t a t e  o f  my 
c a r d i o v a s c u l a r  f i t n e s s  and so t h e  a d v i s a b i l i t y  o f  p a r t i c i p a t i o n  in  e x e r ­
c i s e .  O c c a s i o n a l l y ,  p r e v i o u s l y  u n s u s p e c t e d  d i s o r d e r s  a r e  d i s c o v e r e d  and 
t h e n  r e f e r r e d  t o  m ed ica l  s p e c i a l i s t s .
Blood T e s t s
Venous b lood  w i l l  be  drawn on n i n e  s e p a r a t e  o c c a s i o n s  by a p h y s i ­
c i a n ,  n u r s e ,  o r  o t h e r  p e r s o n n e l  who have been t r a i n e d  in  t h e  t e c h n i q u e s  
o f  human v e n i p u n c t u r e .  T h i s  v e r y  common p r o c e d u r e  can p o s s i b l y  be com­
p l i c a t e d  by hematoma ( b lo o d  c l o t )  o r  i n f e c t i o n ,  b u t  e v e r y  p r e c a u t i o n  
w i l l  be t a k e n  t o  p r e v e n t  such r a r e  o c c u r r e n c e s .  The v a lu e  o f  such a 
t e s t  t o  me i s  t h a t  I w i l l  l e a r n  a b o u t  my p e r s o n a l  b lood  c o m p o s i t i o n  w i th  
r e s p e c t  t o  l i p i d s  and ,  i f  n e c e s s a r y ,  can t a k e  s t e p s  f o r  improvement .
Body Com pos i t ion
In o r d e r  t o  d e t e r m i n e  my body f a t  p e r c e n t a g e ,  I w i l l  be weighed 
u n d e r w a te r  on t h r e e  o c c a s i o n s .  T h i s  w i l l  be done in  t h e  s h a l l o w  end o f  
t h e  pool  and t h e r e  w i l l  be no da n g e r  o f  d row n ing .  I u n d e r s t a n d  t h a t  I 
must  avo id  o v e r e x p o s u r e  and c h i l l i n g  b e f o r e  and a f t e r  t h e  t e s t  t o  m i n i ­
mize  t h e  c h a n c e  o f  g e t t i n g  a c o l d .  The b e n e f i t  t o  me from knowledge 
c o n c e r n i n g  my p e r c e n t  f a t  i s  t h a t  I w i l l  t h e n  have v a l i d  i n f o r m a t i o n  as  
t o  my d e s i r a b l e  w e i g h t .
S u b j e c t ' s  I n i t i a l s
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INFORMED CONSENT (CONTINUED)
T r a i n i n g
T r a i n i n g  ov e r  t h e  12 weeks w i l l  c o n s i s t  o f  r e s i s t i v e  t y p e  e x e r c i s e  
( w e i g h t s  and w e i g h t  m a c h i n e s ) ,  s u p e r v i s e d  by an e x e r c i s e  p h y s i o l o g i s t .  
Minimal m u s c u la r  s o r e n e s s  may be e x p e r i e n c e d  d u r in g  t h e  e a r l y  phase  of  
t r a i n i n g ,  b u t  t h e  c h a n c e  o f  s e r i o u s  i n j u r y  i s  r e m o t e .  B e n e f i t s  t o  be 
e x p e c t e d  i n c l u d e  i n c r e a s e d  f l e x i b i l i t y  and s t r e n g t h  as  we l l  a s  improve­
m ent  in  body c o m p o s i t i o n  ( i n c r e a s e  i n  l e a n  w e i g h t ,  d e c r e a s e  in f a t  
w e i g h t ) .
C o m p l i c a t i o n s
Any e x e r c i s e  o r  p h y s i c a l  t r a i n i n g  p rogram ,  any w i th d ra w a l  o f  b l o o d ,  
and any o t h e r  t e s t i n g  p r o c e d u r e s  a r e  c a r r i e d  o u t  w i th  some r i s k  t o  t h e  
s u b j e c t .  A l l  t r a i n i n g  and t e s t i n g  i n  t h i s  s t u d y  w i l l  be under  d i r e c t  
s u p e r v i s i o n  o f  t r a i n e d  e x e r c i s e  p h y s i o l o g i s t s  a n d / o r  m ed ica l  p e r s o n n e l  
i n  o r d e r  t o  r e d u c e  t h e  p r o b a b i l i t y  o f  d i f f i c u l t i e s .  Under t h e s e  c o n d i ­
t i o n s ,  I a c c e p t  p e r s o n a l  r e s p o n s i b i l i t y  f o r  any prob lems t h a t  m igh t  
a r i s e  a s  a r e s u l t  o f  my p a r t i c i p a t i o n  i n  t h i s  s t u d y .  I f  I s h o u l d  p e r ­
c e i v e  p rob lem s  c o n c e r n i n g  any a s p e c t  o f  t h i s  r e s e a r c h ,  I u n d e r s t a n d  t h a t  
I s h o u l d  im m e d i a t e l y  b r i n g  them t o  t h e  a t t e n t i o n  o f  Danny B l e s s i n g ,  826-  
4484 .
Da ta  and D e c i s i o n s
The i n f o r m a t i o n  which i s  o b t a i n e d  in  t h i s  p r o j e c t  w i l l  be t r e a t e d  
a s  p r i v i l e g e d  and c o n f i d e n t i a l  and w i l l  n o t  be r e l e a s e d  o r  r e v e a l e d  to  
any  p e r s o n  w i t h o u t  my e x p r e s s e d  w r i t t e n  c o n s e n t .  The i n f o r m a t i o n  ob ­
t a i n e d  may be used f o r  a s t a t i s t i c a l  or  s c i e n t i f i c  p u rp o se  w i th  my r i g h t  
o f  p r i v a c y  r e t a i n e d .
I have r e a d  t h e  f o r e g o i n g ,  and I u n d e r s t a n d  i t .  Any q u e s t i o n s  
which may have o c c u r r e d  t o  me have been answered t o  my s a t i s f a c t i o n .  My 
d e c i s i o n  o f  w h e th e r  o r  n o t  t o  p a r t i c i p a t e  w i l l  no t  p r e j u d i c e  my f u t u r e  
r e l a t i o n s  w i t h  t h e  L o u i s i a n a  S t a t e  U n i v e r s i t y  in  any way. I f  I d e c i d e  
t o  p a r t i c i p a t e ,  I am f r e e  t o  w i thd raw  my c o n s e n t  and t o  d i s c o n t i n u e  p a r ­
t i c i p a t i o n  a t  any t im e  w i t h o u t  p r e j u d i c e .
Signed_____________
S u b j e c t
W itness
Date P r im a ry  I n v e s t i g a t o r
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